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Abstract 
The theme of the present thesis is the estimation of the active storage of reservoirs for 
energy production, in a changing climate. The watershed of Pili, which is located in 
Thessaly, selected as the study area. The entire research is based on the specific charac-
teristics of this region. For starters temperature and precipitation data, expressed in 
mean monthly values, collected and processed. The mean precipitation at the mean alti-
tude of the basin is estimated by utilizing the Thiessen polygon method. The aforemen-
tioned polygons engraved in QuantumGIS (QGIS2.16.1) and five sub regions are 
formed. Temperature data, processed by means of the temperature lapse rate. The pur-
pose of the previous work was the preparation for the implementation of the hydrologi-
cal model. UTBAL model, which is a lumped hydrological model applied, calibrated 
and validated with real discharge data in order to simulate the monthly runoff of the ba-
sin. The next step for the estimation of the active storage of the basin of Pili was the im-
plementation of the Rippl method, the Dincer method and the Stall method. Three dif-
ferent schemes of water demand considered and compared to each other in order to have 
a quantitative approach for the problem of energy production. Furthermore, the dead 
storage of the reservoir assessed by the means of Gavrilovitz technique. The results 
show that the produced energy for the installation, located at the basin of Pili, is equal to 
52.5 gigawatts hours (GWh). A climatic scenario in order to simulate the climatic 
changes for the upcoming one hundred years considered and the regional climatic mod-
el KNMI-RACMO2 implemented. The temperature and precipitation data for the region 
of Pili were evaluated via the climatic model and the aforementioned methodology re-
-iv- 
garding the estimation of the active storage, dead storage and the produced energy, re-
peated step by step. 
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1 Introduction 
In recent years, an increasing trend of utilizing renewable sources for production of en-
ergy is observed. The problem of global warming combined with the depletion of fossil 
fuels, made mandatory the turn to eco-friendlier forms of energy. Hydro power, solar 
power and wind power are the main “green” forms of energy used in order to tackle the 
climatic change that our planet is facing. 
The present study is an attempt to estimate the active storage of reservoirs for energy 
production, in a changing climate. The watershed of Pili which located in Thessaly is 
selected as the study area. For the estimation of active storage three scientific methods 
(Ripl method, Dincer method and Stall method) are implemented regarding the histori-
cal data that extend from October 1970 until September 2000.Regarding the produced 
energy, three different schemes of water demand considered and compered. For the 
same time period the dead storage of the reservoir is assessed since it is an important 
parameter for the estimation of the produced energy. At the course of these study the 
consequences of the climatic change regarding the energy production, for the upcoming 
one hundred years (October 2000 – September 2100) are examined by implementing the 
aforementioned methodology. 
1.1 Structure of Thesis. 
The structure of the present study is based on the research that has been carried out in 
order to reach the desirable conclusions. For that reason, the thesis is organized in six 
complete chapters. 
 Chapter one: The nature and the general objectives of the dissertation are briefly 
and clearly presented and explained. 
 Chapter two: The precipitation and temperature data are analyzed and the mean 
precipitation at the mean altitude of the basin, as well as the temperature lapse 
rate are estimated. 
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 Chapter three: The hydrological model UTHBAL is presented analytically, 
while the extracted results are calibrated and validated with real discharge data 
in order to estimate the mean monthly runoff of the basin. 
 Chapter four: At this chapter the three methodologies used for the estimation of 
the active storage of the basin, combined with the three water demand schemes, 
are presented and the energy production corresponding to the estimated active 
storage is assessed. 
 Chapter five: For the climatic scenario, the climatic model KNMI-RACMO2 is 
presented and described analytically. Temperature and precipitation data are 
processed by means of the model and the active storage of the basin is estimated 
for the future years. Finally, the produced energy corresponding to the estimated 
active storage is presented. 
 Chapter six: The thesis is completed by presenting the most significant findings 
of the previous research. The most accurate methodology for the estimation of 
active storage of the basin is selected, while useful comparisons regarding the 
produced energy are pointed out. 
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2 Temperature-precipitation 
data  
Temperature and precipitation data from a number of gauges distributed at the selected 
area, are collected and analyzed. This analysis is performed in order to evaluate precipi-
tation and temperature lapse rate. The methodologies implemented to attain the afore-
mentioned results are described thoroughly in this chapter  
2.1 Temperature analysis 
At the broader region of Thessaly exists adequate number of meteorological stations. 
For the purpose of this study, the meteorological stations as well as their characteristics, 
are presented in Table 2.1. 
Table 2.1: Meteorological stations for temperature. 
 Latitude Longitude Altitude (m) Municipality Sector 
Argithea 39.536293 21.540270 980 Karditsa 1PPC 
Bakari 39.513779 21.363425 1150 Trikala PPC 
Paxtouri 39.472075 21.256726 950 Trikala PPC 
Polyneri 39.401759 21.364376 730 Trikala PPC 
Trikala 39.536293 21.769142 149 Trikala 2NMA 
 
The selection of these specific meteorological stations is based on two fundamental cri-
teria. 
 The adequacy of the meteorological observations throughout the time period of 
study (1970-2000). 
 The geographical distribution of the stations should cover evenly the area of the 
watershed. 
The location of the meteorological stations in the area of study is presented in Figure 
2.1. 
                                                 
1 PPC: Public Power Corporation 
2 NMA: National Meteorological Agency 
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Figure 2.1: Meteorological stations with long records of monthly temperature (red dots) and 
precipitation (blue dots) 
 
As it has been previously mentioned, the time series of the meteorological data should 
be complete and without any chronological omissions. At the present study all the me-
teorological data that used are thorough and they presented at appendix A (Table A1, 
Table A2, Table A3, Table A4, Table A5). The mean monthly temperature of all five 
stations for the time period 1970-2000 are presented in Table 2.2 as well as in Figure 
2.2. 
Table 2.2: Mean monthly temperature (οC) for the five meteorological stations (1970-2000). 
 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
Argithea 14.2 8.7 5.1 4.4 5.1 5.7 10.2 15.5 19.1 21.0 21.0 18.2 
Bakari 11.1 7.3 4.6 2.5 4.0 6.1 10.0 14.7 17.4 19.5 18.8 15.5 
Paxtouri 12.9 8.7 4.8 3.5 4.9 7.2 10.2 15.5 18.9 21.7 22.1 18.0 
Polyneri 13.8 9.4 6.1 4.7 5.6 8.1 11.5 15.6 19.6 22.0 22.1 18.8 
Trikala 16.5 10.4 6.3 5.5 7.1 10.7 15.3 20.8 25.8 27.6 26.4 22.4 
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Figure 2.2: Mean monthly temperature (oC) for the five meteorological stations (1970-2000). 
 
The meteorological station of Paxtouri is selected as a reference station, given that it’s 
altitude of 950 meters (Table 2.1) approximates the mean altitude of the basin. 
According to temperature time series (Appendix A, Table A3) for the entire period of 
analysis (1970-2000), the following conclusions are attained. The mean yearly tempera-
ture for the region of Pili shown in Figure 2.3 is 12.4oC, while it is deviates from 10oC 
(1981-1982) to 13.3oC (1998-1999). 
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Figure 2.3: Mean annual temperature (oC) for the meteorological station of Paxtouri. 
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Mean monthly temperatures are presented in Figure 2.4 and they fluctuate from 3.6oC 
(January) to 22.1oC (August). As it is observed from the figure, the curve of mean 
monthly temperature exhibits a sinusoidal form since there is a seasonality pattern. Low 
temperatures during winter and as it moves toward summer months the temperature is 
increasing. 
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Figure 2.4: Mean monthly temperature (oC) for the meteorological station of Paxtouri (1970-
2000). 
2.1.1 Temperature Lapse Rate 
The temperature data collected from the abovementioned meteorological stations are 
then processed by means of temperature lapse rate. The decrease of temperature while 
the altitude increases is defined as temperature lapse rate [1]. For better implementation 
Since the mean altitude of the basin is 949 meters (m), the meteorological station of 
Paxtouri is selected as the reference station and thus for all the calculations data from 
this specific station are being utilized. According to Figure 2.5 the relationship between 
temperature and altitude is linear thus while altitude is increasing, temperature is de-
creasing respectively. (Table 2.3) 
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Figure 2.5: Linear relationship between temperature and altitude for the five meteorological sta-
tions (1970-2000). 
 
Table 2.3: Altitude (m) and yearly average temperature (oC) of five meteorological stations 
(1970-2000). 
Meteorological station Altitude H (m) Yearly Average temperature (oC) 
Trikala 149 16.2 
Polineri 730 13.1 
Paxtouri 950 12.3 
Argithea 980 12.3 
Bakari 1150 10.9 
 
The linear relationship that associates temperature with altitude is the following: 
T = -0.005*H + 16.918 with R2 = 0.9868     (2.1) 
Where H is the altitude in meters (m) and T the yearly average temperature in degree 
Celsius (oC). 
Equation (2.1) demonstrates that the temperature is decreasing by 0.005 oC for each m 
of increase in altitude. 
To estimate of the average monthly temperatures corresponding to the average altitude 
of the basin the following equation is implemented.  
     (2.2) 
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where  
 : Monthly average temperature at the basin of Pili in oC, during the i month and k 
year.  
: Monthly average temperature at meteorological station of Paxtouri in oC, in the 
month i and year k. 
ΔH: The altitude difference between the mean altitude of the basin and the reference 
meteorological station altitude. 
 : The temperature lapse rate in month i month and year k. 
By implementing equation (3.2) the monthly average temperatures, corresponding to the 
average altitude of the basin are estimated. The temperature lapse rate  for every 
month of a hydrological year is demonstrated in Table 2.4. The monthly average tem-
perature that has been estimated by the method of temperature lapse rate is presented in 
Appendix A (Table A6). 
Table 2.4: Monthly temperature lapse rate coefficient. 
Month Temperature lapse rate 
Octomber -0.0045 
November -0.0027 
December -0.0018 
Januaray -0.0025 
February -0.0029 
March -0.0048 
April -0.0056 
May -0.0061 
June -0.0082 
July -0.0078 
August -0.0068 
September -0.0061 
 
For the basin of Pili, the mean annual temperature has been estimated equal to 12.3 oC. 
The yearly average temperature as well as the monthly average temperature are present-
ed in Figures 2.6 and 2.7. 
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12.38
12.56
12.59
12.24
12.60
12.46
12.57
12.64
12.19
11.76
12.61
9.98
11.91
11.45
13.13
12.7811.82
12.89
11.48
12.66
11.66
12.04
12.68
12.61
12.40
11.70
12.42
12.87
13.34
12.99
9.00
9.50
10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
Te
m
p
er
at
u
re
 (
o
C
)
Years
Mean annual temperature for the basin of Pili
 
Figure 2.6: Mean annual temperature for the basin of Pili in 1970-2000 
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Figure 2.7: Mean monthly temperature for the basin of Pili in 1970-2000 
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2.2 Precipitation analysis  
Precipitaion data are collected from five gauges which are established at the area of 
interest. Each precipitation station location as well as its characteristics are demonstrat-
ed in Table 2.5 and Figure 2.8  
 
Table 2.5: Meteorological stations for precipitation 
 Latitude Longitude Altitude (m) Municipality Sector 
Pertouli 39.536293 21.540270 1160 Trikala 3YPEXODE 
Elati 39.513779 21363425 900 Trikala YPEXODE 
Stournareika 39.462347 21.478617 860 Trikala PPC 
Mouzaki 39.401759 21.36437 226 Karditsa YPEXODE 
Drakotrypa 39.536293 21.769142 680 Karditsa PPC 
 
 
Figure 2.8: Meteorological stations with long records of monthly precipitation 
 
                                                 
3  YPEXODE: Ministry of environment and energy. 
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The precipitation data collected from the five precipitation stations are presented to Ap-
pendix A (Table A.7 – Table A.11).Furthermore the monthly average precipitation 
measurements for the time period of 1970-2000 are presented in Figure 2.9. 
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Figure 2.9: Monthly average precipitation for the basin of Pili (1970-2000) 
 
2.2.1 Thiessen Polygon Method 
The precipitation measurements from each precipitation station represent the height of 
rainfall (in mm) only for the specific station. An important variable that should be esti-
mated, in order for the water balance model to be as accurate as possible, is the mean 
areal precipitation of the basin. [2] 
The mean areal precipitation for the basin of Pili is estimated by the implementation of 
Thiessen polygon method. According to this approach the entire drainage basin of Pili is 
divided in sub regions in order for the following equations to be fulfilled.  
    (2.3) 
and  
     (2.4) 
Where  
: Is the area of each sub region. 
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A: Total area of the basin of Pili.  
: Weighted area of each precipitation station  
The newly constructed sub regions are defined in such a manner that every point of sub 
region that contains the i precipitation station, has the minimum distance from this spe-
cific precipitation station compared to any other precipitation station of the basin [3]. 
Thiessen Polygons were engraved in QuantumGIS (QGIS2.16.1). Google Earth files 
(Kmz), containing the coordinates of precipitation stations were imported and processed 
with QGIS2.16.1.in order to divide the drainage basin of Pili into the necessary sub re-
gions. The area of the aforementioned sub regions, as well as the Thiessen Polygons of 
the basin are presented in Table 2.6 and Figure 2.10. 
 
Table 2.6: Area of sub regions constructed with Thiessen Polygons 
Precipitation station Area (km2) 
Elati 28.72 
Mouzaki 2.40 
Stournareika 62.73 
Pertouli 0.01 
Drakotrypa 37.23 
Total 131.09 
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Figure 2.10: Thiessen Polygons for the drainage basin of Pili 
2.2.2 Mean areal Precipitation at the mean altitude of the basin. 
The mean areal precipitation at the mean altitude of the basin of Pili is estimated ac-
cording to the following equation. 
      (2.5) 
where, 
 : The mean areal precipitation at the mean altitude of the basin.  
 : The mean areal precipitation estimated by the Thiessen polygons method.  
: The precipitation lapse rate  
ΔH: Altitude difference between the mean altitude and the weighted altitude of the ba-
sin.[3] 
Implementing equation (2.5) for all the precipitation stations located at the basin of Pili, 
the following results are obtained (Table 2.7). The methodology used in order to esti-
mate the mean areal precipitation is described analytically in Appendix A (TableA.12 – 
TableA.13). Furthermore, the precipitation lapse rate coefficient λ used for the estima-
tion of the mean areal precipitation at the mean altitude is presented in Table 2.8. 
-14- 
 
Table 2.7: Mean areal precipitation (mm) at the mean altitude of the basin of Pili. 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 193.6 115.7 277.5 330.4 286.2 286.4 86.1 48.1 17.9 22.2 48.9 92.6 1805.6 
1971-72 95.4 362.5 197.2 279.3 174.0 180.8 344.8 96.2 27.5 97.6 41.3 35.6 1932.2 
1972-73 396.5 137.0 97.3 207.6 257.0 276.4 79.7 89.0 21.4 29.8 68.1 58.5 1718.3 
1973-74 259.7 184.6 353.1 113.6 342.0 166.6 301.4 106.1 27.7 10.4 8.6 162.4 2036.2 
1974-75 316.2 241.4 69.5 46.5 273.6 47.5 94.0 87.1 64.5 28.4 113.6 35.7 1417.9 
1975-76 160.9 249.8 201.0 118.9 267.0 133.1 147.3 90.3 35.6 57.6 25.3 39.0 1525.7 
1976-77 193.0 234.3 444.6 114.5 59.7 46.0 100.1 39.3 27.2 13.9 24.7 100.9 1398.2 
1977-78 74.4 215.4 248.4 334.6 206.5 144.1 197.9 86.0 19.4 16.0 8.0 195.5 1746.3 
1978-79 126.0 115.8 277.2 327.9 332.0 132.0 262.7 212.5 32.5 66.2 32.1 34.3 1951.2 
1979-80 337.0 291.8 358.2 254.2 136.6 289.7 101.2 139.8 27.6 6.8 25.9 31.5 2000.3 
1980-81 334.8 211.7 362.2 366.4 274.6 78.0 121.6 158.3 25.4 6.7 69.4 97.6 2106.8 
1981-82 167.5 218.8 390.0 124.5 257.0 304.6 238.1 219.8 31.3 25.1 33.1 88.7 2098.6 
1982-83 219.4 338.0 320.7 108.7 174.8 97.4 73.4 67.1 91.5 64.2 24.5 45.8 1625.5 
1983-84 153.2 256.4 442.5 200.6 342.5 176.2 277.7 85.1 25.8 22.4 73.2 52.0 2107.6 
1984-85 64.8 250.3 223.4 231.4 125.9 175.8 299.2 78.0 21.0 24.3 13.8 30.1 1538.0 
1985-86 206.7 419.9 217.7 202.1 316.0 140.9 68.8 137.4 119.6 33.3 25.7 58.8 1946.9 
1986-87 161.5 221.1 179.5 316.6 212.3 266.5 182.9 101.1 32.4 22.0 31.0 28.1 1755.0 
1987-88 247.2 292.1 215.1 179.5 140.4 121.0 117.6 64.6 24.8 17.4 15.9 44.0 1479.6 
1988-89 164.0 319.6 284.1 110.2 179.7 143.2 98.6 110.0 36.4 59.7 15.5 39.0 1560.0 
1989-90 164.4 198.0 223.6 92.6 104.5 66.9 98.5 158.0 15.6 18.4 66.8 44.6 1251.9 
1990-91 118.8 318.7 516.6 131.3 211.1 111.7 248.9 181.3 19.6 24.7 79.8 26.2 1988.8 
1991-92 103.9 185.0 60.2 42.6 57.0 114.7 232.3 145.9 56.9 34.4 3.9 26.5 1063.1 
1992-93 207.2 182.9 253.8 128.5 200.0 132.2 85.4 189.8 26.5 6.4 10.2 39.6 1462.6 
1993-94 91.1 188.0 280.8 226.8 359.4 47.2 168.7 78.2 19.8 43.5 29.9 42.9 1576.3 
1994-95 392.5 217.8 276.7 193.6 107.4 181.7 134.4 128.3 20.4 57.3 50.7 109.3 1870.3 
1995-96 97.3 182.5 457.1 209.9 259.1 252.8 110.7 79.5 18.1 30.7 63.0 99.3 1859.8 
1996-97 270.0 223.9 282.6 207.8 133.0 97.1 172.0 89.8 26.5 19.2 32.1 95.8 1649.7 
1997-98 242.6 249.1 336.9 142.0 243.0 112.9 89.5 166.5 28.6 19.2 20.3 51.4 1702.0 
1998-99 103.1 520.8 389.1 181.4 152.5 244.3 109.5 89.0 19.2 31.0 76.5 96.8 2013.3 
1999-00 188.6 333.3 296.7 140.7 248.7 74.6 83.5 95.0 25.7 27.4 20.4 106.9 1641.5 
Mean 195.1 249.2 284.5 188.8 214.5 154.7 157.5 113.9 32.9 31.2 38.4 67.0 1727.6 
St.deviation 92.0 87.5 110.3 87.3 84.5 77.7 81.2 47.1 22.6 21.1 26.7 41.7 268.2 
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Table 2.8: Precipitation lapse rate coefficient  
Month Precipitation lapse rate 
October 0.06 
November 0.103 
December 0.13 
January 0.041 
February 0.044 
March 0.05 
April 0.052 
May 0.067 
June 0.02 
July 0.036 
August 0.025 
September 0.04 
The monthly average areal precipitation, as well as, the total areal precipitation at the 
mean altitude of the basin of Pili, for the hydrologic period of 1970-2000 are presented 
in Figures 2.11 and 2.12. 
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Figure 2.11: Mean monthly areal precipitation at the mean altitude of the basin of Pili (1970-
2000). 
 
 
-16- 
 
800.0
1000.0
1200.0
1400.0
1600.0
1800.0
2000.0
2200.0
R
ai
n
fa
ll 
(m
m
)
Years
Total areal precipitation at the mean altitude of the basin of Pili 
 
Figure 2.12: Total areal precipitation at the mean altitude of the basin of Pili (1970-2000). 
3 Hydrological model 
As a model can be defined any representation of a real system. A hydrological model is 
a system of parameters that receives a series of inputs, processes them with mathemati-
cal equations and returns as an output various hydrological estimations. [4] At the pre-
sent study the surface hydrology components (total runoff) and groundwater recharge at 
the drainage basin of Pili are estimated. The hydrological model that was implemented 
for this purpose is the UTHBAL model, developed by Loukas et al (2003). 
3.1 UTHBAL model 
UTHBAL Model is a lumped hydrological model developed by Loukas et.al. (2003) 
and updated at its present form by Loukas et.al (2007). UTHBAL has been successfully 
applied at watersheds in Cyprus and Greece [5]. 
As input data the model receives three variables. 
 Monthly time series of precipitation. 
 Monthly time series of mean temperature. 
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 Monthly time series of potential evapotranspiration. 
For this case-study, the inputs data (precipitation, temperature and evapotranspiration) 
collected from five precipitation stations (Elati, Mouzaki, Stournareika, Pertouli) and 
five temperature stations (Argithea, Bakari, Paxtouri, Polineri, Trikala). 
The next step of the process is the distinction of precipitation to rainfall and snowfall. 
This is accomplished by using the following logistic equation (3.1) based on the mean 
monthly temperature. [5]  
%S = 0  if    T ≥ 12.22 oC 
%S =   if  -10oC ≤ T ≤12.22oC  (3.1) 
%S = 1   if    T ≤ -10oC 
Where  
%S: is the monthly percentage of precipitation at the form of snow. 
T: is the mean monthly temperature. 
The estimation of the average snowfall is the product of the above method. The snow 
melts with a specific rate based on the monthly average temperature. The model assess-
es this snowmelt (SM) for each month of the hydrologic year by the implementation of 
equation (3.2) (simple degree day method) [6]. 
SM(J) = Cm*T(J)   (3.2) 
where 
Cm: is the monthly melt rate factor expressed in mm/
oC. 
Furthermore, the height of the accumulated snow S(J), as well as, the height of the melt-
ing snow SWEsp is simulated by the model using the equations (3.3) and (3.4) [7]. 
S(J) = %SP(J)   (3.3) 
and  
SWEsp(J) = SWEsp(J-1) + S(J) – SM(J)  (3.4) 
Where,  
S(J): is the snow fallen during a specific month (J). 
P(J): is the total precipitation in a specific month (J). 
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A crucial component that must be estimated before the total runoff of the basin is the 
actual evapotranspiration. The monthly actual evapotranspiration Ea, which depends on 
the available soil moisture and average surface potential evapotranspiration Ep of each 
month is estimated by equation (3.5) [7]. The method utilized to estimate of evapotran-
spiration is described analytically to the next chapter. 
Ea(J) =   (3.5) 
where, 
: is the available soil moisture of month J. 
: is the potential evapotranspiration of month J. 
a: is a parameter for actual evapotranspiration,   (0≤a≤1) [8]. 
Finally, the watershed’s total runoff (Qc) is divided into three variables. The surface 
runoff (SR), the interflow runoff (MR) and the base flow runoff (Qg). The sum of these 
three variables (equation 3.6) equals to the total runoff Qc of the watershed [7]. 
Qc = SR + MR + Qg   (3.6) 
The surface runoff is estimated by equations (3.8) and (3.9) 
SR(J) = (1-K) (ASmoist(J) - Smax)  if ASmoist(J) > Smax   (3.8) 
or, 
SR(J) = 0   if ASmoist(J) ≤ Smax     (3.9) 
where, 
ASmoist(J): is the remaining soil moisture of month J after the fulfillment of the actual 
evapotranspiration (Smoist(J) - Ea(J)), while  is the maximum soil 
moisture [9], [15]. 
K: is the deep infiltration parameter, calculated by the equations (3.10), (3.11). 
D(J) = K(ASmoist(J) - Smax)  if ASmoist(J) > Smax   (3.10). 
or, 
D(J) = 0   if ASmoist(J) ≤ Smax   (3.11). 
The interflow runoff is estimated by equation (4.12). 
MR(J) = β[Nmoist(J-1) + Nmoist(J)]    (3.12) 
  -19- 
where, 
β : is the interflow parameter,    0≤β≤1. 
Nmoist: the available soil moisture, calculated by the equation (3.13) 
NSmoist(J) = Nmoist(J) – MR(J)      (3.13) 
Τhe groundflow runoff is estimated utilizing equations (3.14) and it is consider as a 
function of the deep infiltration, D, of the previous month. 
Qg(J) = γD(J-1)   (3.14). 
where, 
γ : is the groundflow parameter.   0≤γ≤1. 
 
3.1.1 Evapotranspiration 
One of the most important characteristics of the hydrological cycle is the evapotranspi-
ration of water at its natural environment. This procedure occurring at every aquatic sur-
face, as well as at the mainland, covered or not by any kind of vegetation. The hydro-
logic cycle can be described as a close circle. Water in form of precipitation drops on 
surface and via surface runoff, or via grounflow runoff arrives at rivers, lakes and seas. 
The final step is the restore of water to the atmosphere thought evapotranspiration. It is 
obvious that this incident influences the estimation of the active volume of a reservoir, 
since evapotranspiration has a tendency to decrease it. 
The process in the course of, the molecules of a body transform from the liquid or solid 
face to gaseous face, it is described as evaporation. The evaporation of water to the at-
mosphere occurs from numerous sources such as all the marine surfaces, terrain and 
cultivated areas. As far as the cultivated areas are concerned, florae absorb water from 
the groundflow runoff and returns it to the atmosphere in the form of vapor. This activi-
ty is known as transpiration. The above processes happen simultaneously in nature and 
it is almost impossible to distinguish from which process the vapors are originated. 
Thus the term evapotranspiration (ET) is used to describe the transformation of water to 
vapors from the cultivated areas. Finally, the potential evapotranspiration (EPT or PET) 
describes the amount of evapotranspiration that occurs at areas, fully and uniformly cul-
tivated, under unlimited water supply [10]. The estimation of evapotranspiration is a 
complex procedure as it can be influenced by the quality of the ground, the plantation 
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and various climate factors. Therefore, empirical methods have been developed to re-
solve these issues. For the purpose of this study the Thorntwaite method is adopted, 
which estimates the monthly evapotranspiration based on temperature inputs. 
3.1.2 Potential Evapotranspiration (Thorntwaite Method) 
Thorntwaite (1948) estimates potential evapotranspiration by means of monthly temper-
ature  
   (3.15) 
where,  
Ep: is the potential evapotranspiration (mm) 
I: is the annual value of heat index calculated by adding the monthly indices during a 
hydrologic year (12 months). These indices are estimated by means of equations (3.16) 
and (4.17) 
   (3.16) 
And  
   (3.17) 
where, 
i: is the monthly heat index for the n month, 1≤ n ≤ 12 
Ta
: is the mean monthly temperature (oC) 
Furthermore, a is calculated by the equation (3.16). 
 c  (3.18). 
Finally, Ld is an adjusted coefficient that correlates each month and latitude of the re-
gion.  
   (3.19) 
where, 
l1: is the monthly average duration of daylight (hr). 
N: is the number of days for a given month, 1≤ N ≤12 [11]. 
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The latitude of basin centroid is 39o 48’and by implementing the above equations (3.16) 
– (3.19) the following results are attained Tables 3.1, and 3.2. The potential evapotran-
spiration at the basin of Pili is presented in Table 3.3. 
 
 
 
 
 
 
 
Table 3.1: Annual heat index for the basin of Pili 
Annual heat index (I) 
October 4.191185 
November 2.27333 
December 0.926232 
January 0.604722 
February 0.940268 
March 1.682455 
April 2.94594 
May 5.509519 
June 7.423405 
July 9.13722 
August 9.465437 
September 6.970381 
Σ(Ιi) 52.07009 
 
Table 3.2: Adjusted coefficient for the basin of Pili 
Adjusted coefficient (Ld) 
October 0.940 
November 0.818 
December 0.795 
January 0.820 
February 0.820 
March 1.006 
-22- 
April 1.084 
May 1.219 
June 1.230 
July 1.249 
August 1.165 
September 1.020 
 
 
Table 3.3: Potential evapotranspiration at the basin of Pili  
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 32.4 35.1 12.5 17.3 11.1 26.4 36.7 90.0 106.0 113.4 128.3 79.9 689.1 
1971-72 33.4 24.1 14.7 9.3 12.1 30.2 33.0 95.0 135.1 122.1 129.4 81.3 719.8 
1972-73 52.4 33.7 11.4 9.6 13.4 18.6 34.6 103.0 105.4 137.9 115.4 78.3 713.7 
1973-74 47.8 23.4 12.4 10.5 16.2 30.7 29.5 67.5 100.9 131.9 125.7 86.2 682.6 
1974-75 51.5 42.4 14.3 15.5 14.1 30.7 57.1 71.5 85.2 125.0 91.5 83.7 682.4 
1975-76 54.3 29.6 18.4 14.8 13.4 42.0 60.0 85.4 83.2 118.2 87.4 66.0 672.6 
1976-77 42.9 19.0 9.0 6.9 19.0 29.7 46.9 87.2 99.5 149.0 136.9 75.4 721.4 
1977-78 48.3 49.1 5.4 3.7 13.8 26.5 38.2 80.3 112.1 135.9 130.9 78.3 722.4 
1978-79 50.1 12.8 13.3 4.5 12.5 30.2 38.8 81.0 118.1 123.1 122.0 89.2 695.4 
1979-80 48.7 23.8 11.8 2.1 6.7 18.2 30.5 65.5 95.3 140.9 135.4 95.4 674.2 
1980-81 66.8 30.8 5.1 0.0 6.7 28.8 43.6 80.3 135.1 123.1 126.4 94.2 740.7 
1981-82 47.8 13.4 9.0 9.3 9.3 4.0 11.1 40.6 75.5 126.0 111.8 90.2 548.1 
1982-83 50.6 20.1 13.3 11.5 8.5 18.0 57.7 93.3 73.6 122.1 112.0 80.3 660.9 
1983-84 53.8 16.3 12.0 11.9 12.6 19.7 22.6 78.6 90.1 122.1 102.3 87.6 629.6 
1984-85 59.3 25.8 10.6 8.8 7.2 19.6 58.6 100.9 111.9 128.9 148.0 86.3 765.9 
1985-86 41.6 33.2 12.2 13.8 12.6 21.1 52.2 72.2 110.4 123.1 143.5 86.0 721.9 
1986-87 46.9 16.7 9.5 10.3 13.5 13.8 34.2 66.8 104.5 144.0 117.6 92.2 669.9 
1987-88 43.6 25.8 11.3 13.1 11.8 23.1 32.6 85.9 120.8 150.1 142.1 86.3 746.6 
1988-89 46.1 9.1 9.4 3.1 12.9 29.5 60.4 73.8 84.5 103.0 124.7 85.2 641.7 
1989-90 42.4 24.4 11.1 3.4 14.2 33.3 58.6 84.2 116.3 138.9 116.2 82.9 725.9 
1990-91 51.5 33.7 11.4 3.4 10.3 26.0 31.8 58.5 108.9 119.2 106.5 82.9 644.0 
1991-92 52.8 27.1 11.7 6.2 10.2 22.4 46.9 68.3 95.8 111.5 139.1 80.6 672.6 
1992-93 61.5 32.7 11.5 0.9 7.5 23.1 46.9 82.6 116.3 135.9 131.8 84.4 735.3 
1993-94 54.5 17.6 11.4 14.7 9.9 29.8 49.2 84.2 101.1 113.5 133.0 92.0 711.0 
1994-95 52.6 20.1 11.3 6.4 16.1 24.5 41.4 85.6 125.0 123.3 113.3 83.5 703.0 
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1995-96 55.1 12.4 11.5 9.7 11.3 17.0 33.8 93.3 113.5 127.4 125.2 55.0 665.2 
1996-97 46.2 30.9 11.4 8.5 12.5 22.1 20.0 94.1 125.0 139.9 119.3 82.4 712.1 
1997-98 46.2 30.3 11.3 11.6 14.5 20.4 57.4 75.3 98.9 144.2 139.2 83.2 732.5 
1998-99 50.8 26.4 11.2 11.0 10.4 24.3 51.3 104.9 132.0 133.2 139.2 84.0 778.6 
1999-00 52.8 30.3 11.4 1.7 12.1 23.8 59.5 94.1 108.9 143.3 129.6 87.2 754.7 
Mean 49.5 25.7 11.4 8.5 11.9 24.2 42.5 81.5 106.3 129.0 124.1 83.3 697.8 
St. Deviation  7.1 9.1 2.5 4.7 2.9 7.0 13.3 14.0 16.4 11.8 14.8 7.9 46.8 
3.2 Implementation of the hydrological model  
The UTBAL model as mentioned in the previous chapter, receives as input precipitation 
data, temperature data and evapotranspiration data at the mean altitude of the basin. As 
a result, it estimates the total runoff Qc at the basin of Pili. The algorithm flow chart of 
the lumped hydrological model is presented in Figure 3.1. 
 
Figure 3.1: UTHBAL algorithm flowchart [5]. 
 
Microsoft Excel “SOLVER” add-in which is based on multi-start generalized reduced 
gradient algorithm has been utilized in order for the hydrological model to be calibrated. 
The aforementioned algorithm is a generalization of the convex simplex method [12]. 
The parameters (a, Cm, CN, β, γ, K) have been adjusted during the calibration process. 
The model has been calibrated for six hydrological years, (October 1977- September 
1982) that have been selected from the total hydrological period, via the unbiased meth-
od of split sample test. The multistart Simplex Downhill Algorithm, which is an optimi-
zation method to minimize a function of n variables, has been utilized for this purpose. 
The algorithm depends on the comparison of the function values at n+1 vertices at a 
general simplex. [13] The model has been validated for a six-year period (October 
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1983- September 1989) and the stochastic equation of efficiency (Eff) (3.20) is used for 
the calibration of the variables. [14],[5]  
  (3.20) 
where, 
: is the observed runoff of month i.  
: is the estimated runoff of month i. 
: is the mean observed runoff of month i. 
As far as the runoff Curve number CN is concerned it receives values from 0 to 100 and 
it is influenced by the conditions and the utilization of the terrain of the basin. Thus 
there are four groups, classified according to permeability of the ground. [15] 
 1st Group: Terrains with high amount of filtration, ex. sandy and croaky terrains 
with very low percentage of sludge and clay. 
 2nd Group: Terrains with average amount of filtration ex. sandy and clay ter-
rains. 
 3rd Group: Terrains with small amount of filtration, ex. terrains with significant 
percentage of clay and also reduced in organic material. 
 4th Group: Terrains with minimum amount of filtration. 
3.2.1 Results 
The results of the above simulations, that have been performed in order for the lumped 
hydrological model to be calibrated and validated, are presented in the following Tables 
and Figures (Tables 3.4 and 3.5, Figure 3.2, Figure 3.2, - 3.5). The model according to 
the extracted results, for both calibration (Table 3.4) and validation (Table 3.5) proce-
dures, manages to simulate the total runoff Qc at the basin of Pili at a very satisfying 
level. For both time periods (October 1977-September 1982, October 1983-September 
1989) the value of the stochastic equation of efficiency (Eff) is fairly high, 0.856 for the 
calibration and 0.804 for the validation procedure, respectively. Furthermore, the corre-
lation of the estimated and the observed runoff for both procedures extents to a content 
limit, thus the R2 coefficients are equal to 0.782 and 0.765, respectively (Table 3.4 and 
3.5). The only serious drawback that the model displays is the simulation of the per-
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centage volume difference (%DV), between the observed and the estimated volume of 
the runoff. This is expected since the average estimated runoff at the basin is substan-
tially lower than the average observed runoff. The extreme values of the observed run-
off are underestimated by the model which is very important for the validation proce-
dure, since these extreme values coincided with the estimated values of the runoff. 
 
Table 3.4: Results of calibration procedure (October 1977 - September 1982) 
Calibration Procedure 
Time period October 1977-September 1982 Results 
Eff 0.856 
R2 0.782 
%DV -20.242 
Average Qc (mm) 79.63 
Average Qobs (mm) 99.84 
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Figure 3.2: Comparison of observed runoff and estimated runoff for the calibration pro-
cedure (October 1977 - September 1982). 
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Figure 3.3: Scatterplot of observed runoff and estimated runoff for the calibration procedure 
(October 1977 - September 1982) 
 
 
Table 3.5: Results of Validation Procedure (October 1983 - September 1989) 
Validation Procedure 
Time period October 1983 - September 1989 Results 
Eff 0.804 
R2 0.756 
%DV 34.106 
Average Qc (mm) 64.72 
Average Qobs (mm) 98.22 
 
  -27- 
0
100
200
300
400
8
3/
8
4
8
4/
8
5
8
5/
8
6
8
6/
8
7
8
7
/8
8
8
8/
8
9Q
c,
 Q
o
 (
m
m
/M
o
n
th
)
Years
Comparison of observed runoff and estimated runoff 
validation process (October 1983 - September 1989).
Observed Runoff
Estimated Runoff
Figure 3.4: Comparison of observed runoff and estimated runoff for the validation procedure 
(October 1983 - September 1989) 
 
Figure 3.5: Scatterplot of observed runoff and estimated runoff for the validation proce-
dure (October 1983 - September 1989). 
 
As the goal of the present study is the estimation of the active volume of a reservoir at 
the basin of Pili, the determination of the total runoff Qc during the hydrological period 
(1970-200) is of fundamental importance. The parameters of the model have been ad-
justed and the monthly runoff at the basin of Pili is simulated using the UTHBAL model 
for the entire period (October 1970 – September 2000). From this simulation the follow-
ing results are extracted (Table 3.6, Figure3.6, Table 3.7). 
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Table 3.6: Results of Validation Procedure (October 1983 - September 1989) 
Time period October 1970 - September 2000 Results 
Eff 0.525 
R2 0.752 
%DV -3.557 
Average Qc (mm) 66.365 
Average Qobs (mm) 89.755 
 
 
Table 3.7: Simulated monthly runoff (mm) at the basin of Pili (October1970 – September 2000). 
Hydrological 
year  
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP Year 
1970-71 12.68 16.14 102.96 189.12 218.24 242.60 117.77 27.78 15.98 13.22 11.41 11.19 979.09 
1971-72 12.63 79.38 136.29 192.83 171.63 140.34 208.43 97.26 17.09 15.96 15.43 13.49 2079.84 
1972-73 91.58 96.45 73.42 132.89 184.82 219.12 111.57 28.98 17.00 14.72 13.55 13.37 2098.21 
1973-74 51.72 110.41 198.55 147.92 200.60 171.28 208.82 118.97 28.48 14.88 11.61 11.37 2272.09 
1974-75 40.19 133.20 82.61 24.72 134.30 98.53 35.87 22.78 18.95 17.18 15.86 15.01 1913.82 
1975-76 15.67 90.90 133.66 96.40 160.68 118.49 78.69 40.63 17.96 16.12 14.11 12.23 1434.72 
1976-77 14.19 82.44 238.21 159.42 59.96 28.73 32.22 25.02 15.62 12.81 10.27 10.05 1484.46 
1977-78 11.05 13.87 78.32 168.81 173.83 131.81 138.71 64.08 17.02 13.91 10.95 12.47 1523.78 
1978-79 16.60 52.71 157.68 219.92 241.44 143.03 156.87 150.92 55.69 15.83 13.78 11.61 2070.93 
1979-80 50.71 183.56 284.74 228.69 144.81 218.15 139.13 68.04 34.24 14.78 11.63 9.62 2624.19 
1980-81 26.58 109.69 238.09 278.67 217.18 103.98 89.37 70.02 29.04 14.51 12.58 12.55 2590.38 
1981-82 14.77 59.32 247.47 161.21 138.89 261.88 236.56 171.99 65.94 15.55 12.96 12.21 2601.01 
1982-83 14.88 146.76 243.96 128.85 101.40 84.19 34.65 18.38 17.75 17.61 15.71 13.32 2236.21 
1983-84 13.89 68.46 253.76 221.03 230.43 191.64 195.63 87.85 17.64 14.73 13.06 12.37 2157.94 
1984-85 11.59 15.06 105.78 172.97 127.06 126.13 171.51 76.54 16.41 13.44 10.69 8.56 2176.21 
1985-86 10.81 112.82 160.02 161.68 240.30 169.81 50.99 36.62 42.72 25.51 15.21 13.02 1895.25 
1986-87 14.33 52.73 103.55 206.25 197.86 192.54 155.82 88.67 34.50 15.25 12.61 10.55 2124.15 
1987-88 13.60 124.06 157.88 133.90 118.98 89.59 62.07 30.50 16.07 13.10 10.25 8.64 1863.28 
1988-89 10.18 63.40 160.53 107.37 107.88 126.51 62.45 35.65 24.92 16.83 14.65 12.05 1521.06 
1989-90 13.37 41.99 114.12 81.80 58.87 34.82 30.53 55.61 33.55 14.22 12.41 11.41 1245.10 
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1990-91 11.63 33.02 266.52 201.19 139.61 120.50 176.55 125.44 38.04 15.10 13.76 12.70 1656.74 
1991-92 12.64 16.46 38.45 46.77 44.57 61.37 142.79 105.56 34.87 16.89 13.80 11.06 1699.29 
1992-93 12.74 21.04 132.51 137.69 147.38 129.35 86.74 87.11 43.49 14.53 11.26 9.18 1378.25 
1993-94 9.15 13.18 87.19 164.12 221.01 101.56 57.38 37.30 17.03 14.28 11.98 10.01 1577.20 
1994-95 60.22 132.43 184.89 162.80 98.55 99.18 74.37 38.21 21.08 15.08 13.68 13.39 1658.05 
1995-96 14.22 17.96 234.27 218.08 186.69 201.63 115.90 36.85 16.41 13.58 12.03 12.47 1993.97 
1996-97 49.38 123.00 191.82 176.69 122.67 69.79 98.33 54.70 17.11 13.93 11.38 11.00 2019.89 
1997-98 15.29 112.54 221.82 153.86 161.57 112.13 36.73 58.96 38.85 14.97 11.94 10.17 1888.62 
1998-99 10.49 143.02 256.67 185.64 121.99 181.25 112.04 31.96 16.72 13.79 12.41 12.71 2047.50 
1999-00 15.59 140.38 218.94 137.24 159.51 96.13 27.68 18.86 17.09 14.23 11.60 11.16 1967.08 
Mean 22.41 80.21 170.16 159.95 154.42 135.53 108.21 63.71 26.58 15.22 12.75 11.63 1892.61 
St. Deviation  19.48 49.47 69.12 53.85 53.57 58.85 61.00 40.34 13.11 2.30 1.59 1.55 397.11 
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Figure 3.6: Comparison of observed runoff and estimated runoff (October 1970 - Sep-
tember 2000). 
 
The time series of the observed runoff are incomplete, since the measurements extend 
until September 1992. For this reason, the percentage volume difference (%DV) 
demonstrates such an important underperformance. The total runoff Qc at the basin of 
Pili, according to the simulations, reaches 23444.59 millimeters per month (mm/month) 
for the entire hydrological period of 1970 to 2000.The maximum monthly runoff for the 
basin of Pili is equal to 271.51 millimeters per month (mm/month), while the minimum 
is equal to 2.33 millimeters per month (mm/month) 
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4 Estimation of active stor-
age 
As a reservoir, can be defined any artificial lake, constructed to accumulate water, com-
ing from any aquatic source. In most cases, reservoirs have the form of a dam, placed at 
the stream of a river. This accumulation of water is vital for the adjustment of the flow, 
since the reservoir operates as a mean to regulate the distribution of water (surpluses 
and deficits) to a point of reference (water demand). Reservoirs usually have multipur-
pose function, thus they used for irrigation, domestic and industrial water supply, hy-
dropower production etc. In Greece the majority of the constructed reservoirs are single 
purpose, and utilized for production of electricity under the authority of Public Power 
Corporation (PPC). During the modeling of a reservoir, the reliable dimensioning has 
fundamental importance. The stored volume of water, determines if the reservoir can 
fulfil its purpose. At course of this study the active storage of the reservoir at basin of 
Pili, is estimated with 3 different methodologies (Rippl, Dincer and Stall). Furthermore, 
three cases scenarios compered to water demand, were implemented to each methodol-
ogy. 
Storage can be described as the volume of water deposited in a reservoir, utilized in or-
der to cover its demand, at a given time. The total volume is divided into three separated 
volumes with crucial significance for the overall performance of the reservoir. The dead 
storage, the active storage and the flood control storage (Figure 4.1). Generally, the 
storage is referred as active storage in order to distinguish from the other two volumes. 
[16], [17] 
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Figure 4.1: Storage zones in a reservoir. [17] 
The dead storage is used for the sediment accumulation, moreover has a crucial role to 
the operation of the dam, since the volume of water must not descend down the mini-
mum level of operation. The volume deposited under that level is the dead storage. The 
volume of water between the minimum and the maximum level of operation is defined 
as the active storage and its purpose is to satisfy the different requirements for water 
demand, as well as, to regulate the downstream flow. [16] 
4.1 Ripl diagram method 
The mass balance diagram, or the Ripl method (after Ripl 1983) is a dimensioning tech-
nique, applied in order to the active storage of a reservoir is estimated. It is a fairly sim-
ple sizing method since it depends on the divergence analysis of the historical volume 
of water. The main question that is fulfilled by this method is the required volume of the 
reservoir related to the specific water demand. In our case, for the estimation of the ac-
tive storage of the reservoir at the basin of Pili, the simulated monthly runoff, via UT-
BAL model, for the 30-year period applied as an input to the method. The estimated 
runoff results (Table 3.7) are expressed in millimeters per month, and since the area of 
basin of Pili is equal to 131.09 square kilometers (km2), they were transformed to cubic 
meters per month (m3/month) in order to define the volume of water enter the basin and 
they presented in the following table (Table 4.1). 
 
 
-32- 
Table 4.1: Simulated average volume of water (106 m3) at basin of Pili (October1970 – Septem-
ber2000). 
Hydrological 
year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP Year 
1970-71 1.66 2.12 13.50 24.79 28.61 31.80 15.44 3.64 2.09 1.73 1.50 1.47 128.35 
1971-72 1.66 10.41 17.87 25.28 22.50 18.40 27.32 12.75 2.24 2.09 2.02 1.77 144.29 
1972-73 12.00 12.64 9.62 17.42 24.23 28.72 14.63 3.80 2.23 1.93 1.78 1.75 130.75 
1973-74 6.78 14.47 26.03 19.39 26.30 22.45 27.37 15.60 3.73 1.95 1.52 1.49 167.09 
1974-75 5.27 17.46 10.83 3.24 17.60 12.92 4.70 2.99 2.48 2.25 2.08 1.97 0.00 
1975-76 2.05 11.92 17.52 12.64 21.06 15.53 10.32 5.33 2.35 2.11 1.85 1.60 104.28 
1976-77 1.86 10.81 31.23 20.90 7.86 3.77 4.22 3.28 2.05 1.68 1.35 1.32 90.31 
1977-78 1.45 1.82 10.27 22.13 22.79 17.28 18.18 8.40 2.23 1.82 1.44 1.63 109.44 
1978-79 2.18 6.91 20.67 28.83 31.65 18.75 20.56 19.78 7.30 2.07 1.81 1.52 162.03 
1979-80 6.65 24.06 37.33 29.98 18.98 28.60 18.24 8.92 4.49 1.94 1.52 1.26 181.96 
1980-81 3.48 14.38 31.21 36.53 28.47 13.63 11.72 9.18 3.81 1.90 1.65 1.65 157.60 
1981-82 1.94 7.78 32.44 21.13 18.21 34.33 31.01 22.55 8.64 2.04 1.70 1.60 183.36 
1982-83 1.95 19.24 31.98 16.89 13.29 11.04 4.54 2.41 2.33 2.31 2.06 1.75 109.78 
1983-84 1.82 8.97 33.26 28.97 30.21 25.12 25.64 11.52 2.31 1.93 1.71 1.62 173.10 
1984-85 1.52 1.97 13.87 22.67 16.66 16.53 22.48 10.03 2.15 1.76 1.40 1.12 112.18 
1985-86 1.42 14.79 20.98 21.19 31.50 22.26 6.68 4.80 5.60 3.34 1.99 1.71 136.27 
1986-87 1.88 6.91 13.57 27.04 25.94 25.24 20.43 11.62 4.52 2.00 1.65 1.38 142.18 
1987-88 1.78 16.26 20.70 17.55 15.60 11.74 8.14 4.00 2.11 1.72 1.34 1.13 102.07 
1988-89 1.33 8.31 21.04 14.07 14.14 16.58 8.19 4.67 3.27 2.21 1.92 1.58 97.32 
1989-90 1.75 5.50 14.96 10.72 7.72 4.56 4.00 7.29 4.40 1.86 1.63 1.50 65.89 
1990-91 1.52 4.33 34.94 26.37 18.30 15.80 23.14 16.44 4.99 1.98 1.80 1.66 151.28 
1991-92 1.66 2.16 5.04 6.13 5.84 8.04 18.72 13.84 4.57 2.21 1.81 1.45 71.47 
1992-93 1.67 2.76 17.37 18.05 19.32 16.96 11.37 11.42 5.70 1.91 1.48 1.20 109.20 
1993-94 1.20 1.73 11.43 21.51 28.97 13.31 7.52 4.89 2.23 1.87 1.57 1.31 97.55 
1994-95 7.89 17.36 24.24 21.34 12.92 13.00 9.75 5.01 2.76 1.98 1.79 1.76 119.80 
1995-96 1.86 2.35 30.71 28.59 24.47 26.43 15.19 4.83 2.15 1.78 1.58 1.63 141.59 
1996-97 6.47 16.12 25.14 23.16 16.08 9.15 12.89 7.17 2.24 1.83 1.49 1.44 123.19 
1997-98 2.00 14.75 29.08 20.17 21.18 14.70 4.81 7.73 5.09 1.96 1.56 1.33 124.38 
1998-99 1.37 18.75 33.65 24.33 15.99 23.76 14.69 4.19 2.19 1.81 1.63 1.67 144.02 
1999-00 2.04 18.40 28.70 17.99 20.91 12.60 3.63 2.47 2.24 1.86 1.52 1.46 113.84 
Mean 3.84 11.14 22.59 21.29 20.49 18.19 14.69 9.08 4.34 2.93 2.62 2.44 125.95 
St. Deviation 5.80 7.24 9.03 7.37 7.24 8.09 8.39 6.64 5.20 5.39 5.45 5.29 31.98 
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The Ripl method in order to estimate the active storage, considers the difference be-
tween the supply and demand over a period of time. For that reason, the cumulative 
curve of inflow, as well as, the cumulative curve of outflow is estimated by the follow-
ing equations (4.1), (4.2) [18]. 
Ct = , t = 1, … ,N   (4.1) 
where, 
Ct: is the inflow cumulative curve. 
Ii: is the inflow during each year of the time series. 
As far as concern the demand, generally is a constant rate and equal to the mean inflow 
to the reservoir. 
Dt =    (4.2) 
where, 
Dt: is the outflow cumulative curve. 
: is the yearly average inflow to the reservoir. 
Implementing the above equations, to the monthly estimated runoff and volume of wa-
ter at the basin of Pili (Table 3.7 and Table 4.1) during October 1970 until September 
2000, the water demand that the reservoir has to cover is equal to 10.50*106 m3 per 
year. For the construction of the cumulative inflow curve the following results have 
been attended (Table 4.2). 
 
Table 4.2: Estimated annual runoff (mm), estimated annual water volume (106 m3) and cumula-
tive inflow (106 m3) at basin of Pili (October1970 – September2000) 
Hydrological 
year 
Annual Runoff 
(mm) 
Annual water volume 
(106m³) 
Cumulative inflow (106m³) 
1970-71 979.09 128.35 128.35 
1971-72 1100.75 144.29 272.64 
1972-73 997.46 130.75 403.39 
1973-74 1274.63 167.09 570.48 
1974-75 639.19 83.79 654.27 
1975-76 795.53 104.28 758.56 
1976-77 688.93 90.31 848.87 
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1977-78 834.85 109.44 958.30 
1978-79 1236.08 162.03 1120.34 
1979-80 1388.11 181.96 1302.30 
1980-81 1202.27 157.60 1459.90 
1981-82 1398.75 183.36 1643.26 
1982-83 837.46 109.78 1753.04 
1983-84 1320.48 173.10 1926.14 
1984-85 855.73 112.18 2038.31 
1985-86 1039.52 136.27 2174.58 
1986-87 1084.63 142.18 2316.76 
1987-88 778.65 102.07 2418.83 
1988-89 742.42 97.32 2516.16 
1989-90 502.68 65.89 2582.05 
1990-91 1154.06 151.28 2733.33 
1991-92 545.24 71.47 2804.81 
1992-93 833.02 109.20 2914.00 
1993-94 744.18 97.55 3011.56 
1994-95 913.87 119.80 3131.35 
1995-96 1080.09 141.59 3272.94 
1996-97 939.79 123.19 3396.14 
1997-98 948.82 124.38 3520.51 
1998-99 1098.68 144.02 3664.54 
1999-00 868.40 113.84 3778.37 
 
As far as concern the cumulative curve of the outflow, since the water demand consid-
ered constant through the entire period of study, it is plotted and superimposed with the 
cumulative curve of the inflow (Figure 4.2). Furthermore, the active storage of the res-
ervoir is estimated as the maximum deference between the cumulative curve of inflow 
and the cumulative curve of the outflow [19]. This maximum difference is identified as 
the maximum range Rt,s and it is estimated with the following formula (4.3). 
Rt,s = max    (4.3) 
where, 
Rt,s : is the maximum range. 
t: defines the time period of the inflow curve. 
  -35- 
s: defines the distance range over the time period. 
Dt: is the outflow cumulative curve. 
Ct: is the inflow cumulative curve. 
For the reservoir at the basin of Pili the active storage, by implementing the above 
methodology is assessed equal to 3463.51*106 cubic meters (m3), thus it is the maxi-
mum difference between the two cumulative curves (Table 4.3). 
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Figure 4.2: Cumulative curve of Inflow/Demand (October 1970 - September 2000). 
 
Table 4.3: Estimated maximum range Rt,s  at basin of Pili (October1970–September2000). 
Hydrological year Cumulative inflow Ct 
(106m³) 
Cumulative outflow 
Dt (106m³) 
Maximum difference 
Rt,s (106m³) 
1970-71 128.35 10.50 117.85 
1971-72 272.64 20.99 251.65 
1972-73 403.39 31.49 371.91 
1973-74 570.48 41.98 528.50 
1974-75 654.27 52.48 601.80 
1975-76 758.56 62.97 695.58 
1976-77 848.87 73.47 775.40 
1977-78 958.30 83.96 874.34 
1978-79 1120.34 94.46 1025.88 
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1979-80 1302.30 104.95 1197.35 
1980-81 1459.90 115.45 1344.45 
1981-82 1643.26 125.95 1517.32 
1982-83 1753.04 136.44 1616.60 
1983-84 1926.14 146.94 1779.20 
1984-85 2038.31 157.43 1880.88 
1985-86 2174.58 167.93 2006.65 
1986-87 2316.76 178.42 2138.34 
1987-88 2418.83 188.92 2229.92 
1988-89 2516.16 199.41 2316.74 
1989-90 2582.05 209.91 2372.14 
1990-91 2733.33 220.41 2512.93 
1991-92 2804.81 230.90 2573.91 
1992-93 2914.00 241.40 2672.61 
1993-94 3011.56 251.89 2759.67 
1994-95 3131.35 262.39 2868.97 
1995-96 3272.94 272.88 3000.06 
1996-97 3396.14 283.38 3112.76 
1997-98 3520.51 293.87 3226.64 
1998-99 3664.54 304.37 3360.17 
1999-00 3778.37 314.86 3463.51 
 
The implementation of Rippl’s method for the assessment of active storage exhibits 
some critical drawbacks. The method considers the assumption that the reservoir with 
the estimated storage Rt,s is full at the begging of each drawdown period, thus it will al-
ways meet the water demand. Furthermore, the time series of inflows Ii are assumed to 
repeat themselves during the entire lifetime of the project [19]. Another significant dis-
advantage is that this approach considers a degree of exploitation of the reservoir equal 
to 100%. This cannot apply to the course of this study, thus such an extremely high de-
gree of exploitation indicates that all the accumulated water regulated and managed by 
the reservoir [18]. 
4.1.1 Variation of Water Demand 
Three different scenarios as far as the water demand have been examined in order to 
validate the Ripl’s method. Through the first approach the initial water demand (the 
  -37- 
mean inflow in the reservoir), reduced by ten percent. In the same way, an increase 
equal to ten percent has been evaluated and compared to the first approach. Finally, for 
the last case scenario, the average inflow during the summer months (June, July, Au-
gust) considered as the water demand the reservoir requested to fulfill. As already men-
tioned at the previous chapter, the assessment of the active storage is based on the de-
termination of the maximum difference between the two cumulative curves (inflow, 
outflow). Thus, the volume of the inflow water (Table 4.3) remains the same, through-
out the three different scenarios. The water demand is equal to 9.45*106 cubic meters 
per year (m3/year) for the first case and 11.55*106 cubic meters (m3 / year) for the sec-
ond. The average inflow during the summer months is equal to 18.18 millimeters per 
month (mm / month) (Appendix B, Table B1) and the demand estimated equal to 
2.38*106 cubic meters per year (m3 / year). This results are expected since the summer 
months considered as dry months, thus the volume of the inflow to the reservoir pre-
sents such a severe reduction. The cumulative curves of inflow and outflow of the res-
ervoir have been constructed with the same principles that described at the previous 
chapter. The results are presented analytically (Appendix B Table B.2, - B.4) as well as 
graphically in the following figures (Figure 4.3 – 4.5). 
 
Figure 4.3: Cumulative curve of Inflow/Demand for the 1st scenario (October 1970 - September 
2000). 
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Figure 4.4: Cumulative curve of Inflow/Demand for the 2nd scenario (October 1970 - September 
2000). 
 
Figure 4.5: Cumulative curve of Inflow/Demand for the 3rd scenario (October 1970 - September 
2000). 
 
As the method dictates, the active storage is the maximum difference between the cu-
mulative curve of inflow and the cumulative curve of the demand. The maximum range 
Rt,s for the first case, where the demand diminished by ten percent is equal to 3495*10
6 
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cubic meters (m3). For the second scenario the active storage is equal to 3432.02*106 
cubic meters (m3) and for the last case, where the average inflow of summer months as-
sumed as the water demand, the Rt,s is estimated equal to 3709.87*10
6 cubic meters 
(m3). These outcomes as expected, do not present significant variation compared to the 
active storage that estimated at the first place. As much as, water demand is at a con-
stant rate and has not suffer significant changes from the initial, the Ripl method is con-
structed in such manner, that the final outcome is not affected by these alternations. 
4.2 Dincer method 
This method, first developed by the professor T. Dincer (1966), is a technique for the 
estimation of the active storage of a reservoir. It is based on the assumption, that the an-
nual estimated runoff follows the standard normal distribution [20]. Before the descrip-
tion of the method some fundamental assumptions and limitations should be taken into 
consideration. The annual runoff measurements are independent and the interval of 
these observations is large enough, thus the n-year runoff will tend to normal distribu-
tion. [20], [21] Consider a sequence of annual runoff, with a mean μ and standard devia-
tion σ. For this independent sample, the next two equations are applied (4.4), (4.5) in 
order to the n-year mean and the n-year standard deviation are estimated. 
    (4.4)  
 =     (4.5) 
where, 
n: is the sum of n-consecutive annual runoffs. 
According to the central limited theorem, as the n increases thought-out the period of 
study, the distribution of annual runoff tends to reach the standard normal distribution 
[21]. For that reason, the runoff is estimated by the following equation (4.6) 
   (4.6) 
where, 
Qn,p: is the n-year runoff with probability of non-exceedance p%. 
zp: is the standardized normal variate at p%. 
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The reservoir’s storage in the course of the critical period, where at the beginning con-
sidered full and gradually diminished, is calculated as the difference between the out-
flow and inflow. 
Cn,p = Dn – Qn,p   (4.7) 
and 
Dn = D*n*μ   (4.8) 
where, 
Cn,p: is the depletion of initially full reservoir at n-year  
Dn: is the constant draft from the reservoir at n-years. 
D: is the constant draft as ratio of mean annual runoff. 
Qn,p: is the n-year runoff with probability of non-exceedance p%. 
The variables that are to be assessed are the maximum reservoir’s storage along with the 
length of the critical period. Combining equations (4.6) and 4.7) and differentiating 
them with respect to n, attained the desirable outcome. 
Cn,p = n*μ*(D-1) +    (4.9) 
 
 
The critical period is defined  
   (4.10) 
and the maximum storage capacity of the reservoir, after substituting equation (4.10) 
back to equation (4.7) is defined as, 
C =  *μ   (4.11) 
where, 
CP: is the length of the critical period. 
CV: is the coefficient of variation of annual runoff. 
C: is the maximum required storage. 
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4.2.1 Estimation of active storage. 
One very important parameter that should be assessed before the implementation of 
Dincer methodology, is the water demand. The basin of Pili demographically is part of 
the municipality of Trikala. From geographical aspect, this region is part of the eighth 
hydrological department (Thessaly, 08) of Greece [22]. Thessaly is an agronomic re-
gion, for that matter the water demand is concentrated for agricultural purposes. At the 
course of this study, the estimation of active storage of Pili’s reservoir, is centered for 
production of energy. In view of the fact that there are not any major hydrological pro-
jects for production of energy at the broaden region of Thessaly, the water demand is 
based on data from others installations, specifically at region of Thrace. At this hydro-
logical department (Thrace, 12) two major projects (Thisauros and Platanobrisi) for 
production of electricity are currently operate, with installed capacity 500MW [23]. Ac-
cording to the previous assumption, the water demand that the reservoir at basin of Pili 
is requested to fulfill, presented in the next table (Table 4.4) 
 
 
 
 
Table 4.4: Water demand at basin of Pili 
Water Demand (106 m3) 
Utilization Initial (106 m3) Final (106 m3) 
Irrigation 825.5 41.275 
Stock raising 7.1 0.355 
Water supply 27.9 1.395 
Energy 11 11 
Total  54.025 
 
In Greece generally reservoirs have a multifunctional purpose thus, a small percentage 
(5%) from uses apart from energy production, considered for the total water demand. 
The total amount the reservoir must fulfill is equal to 54.025*106 cubic meters per year 
(m3 / year). According to Dincer methodology, the mean μ of the annual runoff at the 
basin of Pili is equal to 125.95*106 m3 (Appendix B Table B.5). The number of obser-
vations is equal to 30, thus the standard deviation σ (Appendix B Table B.5) is estimat-
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ed equal to 31,12*106 m3. Furthermore, the constant draft D is equal to 0.429 and the 
coefficient of variation CV is equal to 0.247. Finally, the standardized normal variate Zp 
has been estimated for various intervals of satisfaction for the water demand (Table 
4.5). 
 
Table 4.5: Values of standardized normal variate for different intervals. 
Percenatge p (%) 99% 95% 85% 80% 70% 65% 
Zp 2.326 1.645 1.036 0.842 0.524 0.384 
 
The active storage of the reservoir has been estimated for several volumes of water de-
mand, as well as for every interval of satisfaction. The results are presented in the fol-
lowing table and figure (Table 4.6 and Figure 4.6). 
 
 
 
 
 
Table 4.6: Active storage for several volumes of ware demand  
 Water Demand 
(106 m3) 
Percentage p (%) 
  99% 95% 85% 80% 70% 65% 
  Active storage  
30 13.6535 6.829 2.7086 1.7892 0.6929 0.3721 
40 15.2421 7.6236 3.0237 1.9973 0.7735 0.4154 
54.03 18.2144 9.1102 3.6134 2.3868 0.9244 0.4964 
60 19.8647 9.9356 3.9408 2.6031 1.0082 0.5414 
70 23.4154 11.7116 4.6452 3.0684 1.1884 0.6382 
80 28.5118 14.2606 5.6562 3.7362 1.447 0.7771 
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Figure 4.6: Active storage of the reservoir at basin of Pili for different values of standardized 
normal variate. 
 
The active storage of the reservoir, in order to fulfill the annual water demand of 
54.025*106 cubic meters (m3) with 85 % standardized normal variate, is equal to 
3613394.23 cubic meters (m3). 
 Three different scenarios regarding the water demand, same as those were consid-
ered in Ripl method, implemented for the estimation of the active storage. The water 
demand for the first case is equal to 48.6225*106 m3, for the second case increases at 
59.4275*106 m3 and finally for the last case it forms at 7.55*106 m3. Applying the 
Dincer methodology for these new data the assessed active storage is presented in the 
following table (Table 5.6) In order to the new estimated outcomes compared to each 
other, as well as to the initial result, the active storage is plotted against water demand 
for different values of standardized normal variate. (Figure 4.7 - 4.9). 
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Table 4.6: Active storage for three water demand scenarios. 
Water demand reduced by 10 % (first scenario) 
 Water Demand 
(106 m3) 
Percentage p (%) 
  99% 95% 85% 80% 70% 65% 
  Active storage  
30 13.653 6.829 2.709 1.789 0.693 0.372 
40 15.242 7.624 3.024 1.997 0.774 0.415 
48.622 16.942 8.474 3.361 2.220 0.860 0.462 
60 19.865 9.936 3.941 2.603 1.008 0.541 
70 23.415 11.712 4.645 3.068 1.188 0.638 
80 28.512 14.261 5.656 3.736 1.447 0.777 
  
Water demand increased by 10 %  
 Water Demand 
(106 m3) 
Percentage p (%) 
  99% 95% 85% 80% 70% 65% 
  Active storage  
30 13.653 6.829 2.709 1.789 0.693 0.372 
40 15.242 7.624 3.024 1.997 0.774 0.415 
59.427 19.694 9.850 3.907 2.581 0.999 0.537 
60 19.865 9.936 3.941 2.603 1.008 0.541 
70 23.415 11.712 4.645 3.068 1.188 0.638 
80 28.512 14.261 5.656 3.736 1.447 0.777 
  
Water demand equal to summer months’ runoff  
 Water Demand 
(106 m3) 
Percentage p (%) 
  99% 95% 85% 80% 70% 65% 
  Active storage  
7.15 11.027 5.515 2.188 1.445 0.560 0.301 
30 13.653 6.829 2.709 1.789 0.693 0.372 
40 15.242 7.624 3.024 1.997 0.774 0.415 
60 19.865 9.936 3.941 2.603 1.008 0.541 
70 23.415 11.712 4.645 3.068 1.188 0.638 
80 28.512 14.261 5.656 3.736 1.447 0.777 
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Figure 4.7: Active storage (first scenario) of the reservoir at basin of Pili for different values of 
standardized normal variate. 
 
 
Figure 4.8: Active storage (second scenario) of the reservoir at basin of Pili for different values 
of standardized normal variate. 
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Figure 4.9: Active storage (third scenario) of the reservoir at basin of Pili for different values of 
standardized normal variate. 
 
The active storage is equal 3360930 cubic meters (m3) for the first case scenario of wa-
ter demand, 3906867.8 cubic meters (m3) for the second and 2187607.1 cubic meters 
(m3) for the third. The value of standardized normal variate, for all cases, is equal to 85 
percent. Comparing these results with the active storage that has been estimated in order 
to cover the water demand equal to 54.025*106 m3, it is observed, for the two scenarios 
where the water demand is alternated by ten percent (plus and minus) from the initial, 
the estimated storage does not present significant variation. Finally, in the case where 
the water demand is assumed equal to the runoff during summer months, the active 
storage presents a significant degrease, almost forty percent from the initial active stor-
age of 3613394.2 cubic meters (m3). 
4.3 Stall method 
As final approach for the estimation of the active storage at basin of Pili, the non-
sequential drought method (Stall, 1962) has been employed. This technique may be 
separated in the following basic steps. 
 The minimum reference period is selected and the mean runoff for the entire 
sample of observations is extended to this period. 
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 Time series of runoff are developed by selecting first the time period with the 
minimum runoff, followed by the remaining intervals ranked in descending or-
der, until the whole sample is deployed. 
 These constructed runoff time series correlates with the recurrence period with 
the following equation (4.12). 
   (4.12) 
where, 
T: is the s the recurrence interval in years. 
N: is the number of observations. 
m: is the rank of each runoff observation. 
This step is very important as ensures for the developed runoff time series chronological 
independence. [24], [25]. Finally, the estimated runoff series (m3), plot against recur-
rence interval T (years) and the active storage is calculated as the difference between the 
volume of water in the reservoir at the begging and at the end of each time interval. 
  , t≥1   (5.13) 
where, 
St: is the volume of water in the reservoir at the end of t time period. 
S0: is the volume of water in the reservoir at the beginning of t time period. 
Qc: is the runoff/inflow into reservoir. 
4.3.1 Estimation of active storage. 
The first step for the estimation of the active storage, according to previous methodolo-
gy, is the determination of the reference period. For our case study, one month is estab-
lished as the minimum time interval and the mean monthly inflows data to the basin are 
extended to this reference period. The inflow observations represent a thirty-year time 
period (October 1970 – September 2000), thus there are three hundred sixty records for 
the inflow sample. The same procedure is repeated for lengthier reference periods (2 
months, 4 months, 6 months, 8 months, 12 months) and by implementing equation 
(4.12) the mean monthly inflows to the basin are arranged in a descending order. Final-
ly, the assessed time series of inflow (low flow series) are plotted against the respective 
recurrence periods (Figure 4.10). 
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Figure 4.10: Storage drafts curves for different recurrence periods (2 months, 4 months, 6 
months, 8 months, 12 months) for basin of Pili. 
 
As previously mentioned, the active storage is calculated as the difference between the 
volume of water at the beginning and the volume of water at the end of each recurrence 
period. More specifically, the active storage is defined as the difference between the in-
flows at the basin and the water demand. For the basin of Pili, the annual water demand 
is equal to 54.025*106 cubic meters (m3), or 4.502*106 cubic meter per month (m3 / 
month). The results from the implementation of Stall method for a ten-year, as well as, 
for a twenty-year recurrence period are demonstrated in the next two tables (Table 4.7, 
Table 4.8). 
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Table 4.7: Active storage at the reservoir of Pili for ten-year recurrence period. 
Recurrence Period 10 Years 
Period (months) Inflow 
(106 m3) 
Inflow Volume 
(106 m3) 
Demand Volume 
(106 m3)  
Difference 
(106 m3) 
1 1.579 1.579 4.502 -2.923 
2 3.260 6.520 9.004 -2.484 
4 7.292 29.168 18.008 11.160 
6 19.398 116.388 27.013 89.376 
8 45.776 366.208 36.017 330.191 
10 61.062 610.620 45.021 565.599 
12 83.790 1005.480 54.025 951.455 
 
Table 4.8: Active storage at the reservoir of Pili for twenty-year recurrence period. 
Recurrence Period 20 Years 
Period (months) Inflow 
(106 m3) 
Inflow Volume 
(106 m3) 
Demand Volume 
(106 m3)  
Difference 
(106 m3) 
1 1.435 1.435 4.502 -3.067 
2 2.938 5.876 9.004 -3.128 
4 6.436 25.744 18.008 7.736 
6 16.472 98.832 27.013 71.820 
8 39.880 319.040 36.017 283.023 
10 58.639 586.390 45.021 541.369 
12 65.895 790.740 54.025 736.715 
 
The assessed active storage of the reservoir at basin of Pili for thirty-year time period 
(October 1970 – September 2000), is equal to 2923083 cubic meters (m3) for a ten-year 
recurrence period and respectively 3128167 cubic meters (m3) for a twenty-year recur-
rence period. In Figures 5.11 - 5.12 the cumulative curves of inflow (106 m3) and de-
mand (106 m3) are plotted against recurrence period (years). The active storage of the 
reservoir is defined graphically by the minimum difference of the two cumulative 
curves. 
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Figure 4 .11: Diagram of active storage at Pili for a ten-year recurrence period. 
 
 
Figure 5.12: Diagram of active storage at Pili for a twenty-year recurrence period. 
 
The water demand, as in both methodologies (Ripl, Dincer) that already employed 
for the estimation of the active storage, has been alternated and three different cases 
scenarios are taken into consideration. For the first case the water demand increases by 
ten percent and assumed equal to 59.428*106 m3 per year, for the second scenario de-
creases by ten percent and amount to 48.623*106m3 per year. Finally, for the third case 
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the average inflow during the summer months which is equal to 2.383*106 m3 consid-
ered as the water demand that the reservoir has to meet. Implementing the aforemen-
tioned methodology, while the other variables (inflow, recurrence period) remain con-
stant the following results are obtained. The active storage for the first scenario is esti-
mated to 4028583.333 cubic meters (m3) for twenty-year recurrence period (Table 4.9). 
 
Table 4.9: Active storage at the reservoir of Pili for twenty-year recurrence period. 
Recurrence Period 20 Years 
Period (months) Inflow 
(106 m3) 
Inflow Volume 
(106 m3) 
Demand Volume 
(106 m3) 
Difference 
(106 m3) 
1 1.435 1.435 4.952 -3.517 
2 2.938 5.876 9.905 -4.029 
4 6.436 25.744 19.809 5.935 
6 16.472 98.832 29.714 69.118 
8 39.880 319.040 39.618 279.422 
10 58.639 586.390 49.523 536.867 
12 65.895 790.740 59.428 731.313 
 
For the second case scenario, the active storage is assessed to 2616875 cubic meters 
(m3) for twenty-year recurrence period (Table 4.10). 
 
Table 4.10: Active storage at the reservoir of Pili for twenty-year recurrence period. 
Recurrence Period 20 Years 
Period (months) Inflow 
(106 m3) 
Inflow Volume 
(106 m3) 
Demand Volume 
(106 m3)  
Difference 
(106 m3) 
1 1.435 1.435 4.052 -2.617 
2 2.938 5.876 8.104 -2.228 
4 6.436 25.744 16.208 9.537 
6 16.472 98.832 24.311 74.521 
8 39.880 319.040 32.415 286.625 
10 58.639 586.390 40.519 545.871 
12 65.895 790.740 48.623 742.118 
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Finally, for the last case scenario the active storage is equal to 948387.2 cubic meters 
(m3) for twenty-year recurrence period (Table 4.11). 
 
Table 4.11: Active storage at the reservoir of Pili for twenty-year recurrence period. 
Recurrence Period 20 Years 
Period (months) Inflow 
(106 m3) 
Inflow Volume 
(106 m3) 
Demand Volume 
(106 m3) 
Difference 
(106 m3) 
1 1.435 1.435 2.383 -0.948 
2 2.938 5.876 4.767 1.109 
4 6.436 25.744 9.534 16.210 
6 16.472 98.832 14.300 84.532 
8 39.880 319.040 19.067 299.973 
10 58.639 586.390 23.834 562.556 
12 65.895 790.740 28.601 762.139 
 
The estimated active storage of the reservoir, for the first and the second case, does not 
exhibit significant variation from the active storage that assessed with the Dincer meth-
od. On the contrary, in the last case scenario, the decrease of active storage is significant 
and equal to fifty-six percent (56 %) of the assessed active volume with the Dincer 
method (Table 4.12). 
 
Table 4.12: Comparison of active storage at basin of Pili  
Active Storage (106 m3) 
Water demand scenarios Dincer Method 
(106 m3) 
Stall Method 
(106 m3) 
 First scenario (+10 %) 3.906 3.517 
Second scenario (-10 %) 3.3609 3.128 
Third scenario (average 
inflow of summer months) 
2.187 0.948 
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4.4 Estimation of dead storage 
One important parameter that must be evaluated, in order to have a more detailed ap-
proach for the potential of the hydrological project at basin of Pili, is the dead storage of 
the reservoir. Soil erosion, a natural geomorphic phenomenon defined as the wearing of 
the top soil layer, is responsible for the accumulation of sediments at the bottom of the 
basin catchment. Nowadays, there are plenty of models for the prediction of sentiment 
yield, categorized in three main groups. The physics-based models, the conceptual 
models, and empirical models [26]. At the course of this study the Gavrilovitz model, 
which is an empirical erosion potential model (EPM), is adopted. This methodology de-
veloped and successfully implemented at basins of south and south-eastern Yugoslavia 
(Gavrilovitz 1970). The main variables employed by the model, in order to estimate the 
mean annual sediment yield, depending on climatic factors, topographic information, 
land use and surface geology. More specifically the mean annual sediment yield, ac-
cording to Gavrilovitz method, for a watershed area (squared kilometers) is given by the 
following equation. 
   (4.14) 
where, 
W: is the mean annual gross erosion. 
P: is the mean annual precipitation at the basin (mm). 
Tt: is the temperature coefficient, estimated by the formula 
    (4.15) 
where, 
Tmean: is the mean annual temperature at the basin (
oC). 
z: is the erosion intensity coefficient, assessed from the next equation. It’s value range 
and according to Table 4.13 the erosion intensity coefficient categorized in five classes. 
    (4.16) 
where, 
x: is the coefficient of soil cover. It principally depends on catchment’s land use and 
vegetation cover. 
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y: is the soil erodibility coefficient. It describes the resistance of soil to erosion and it 
characterized by the basin’s geology. 
φ : is the coefficient of the type and the extend of erosion process. 
s: is the average slope of the watershed. [27], [28] 
 
Table 4.13: Categorization of erosion intensity coefficient. [27] 
Erosion Intensity z 
Very low <0.19 
Low 0.20-0.40 
Moderate 0.41-0.70 
High 0.71-1.00 
Very High >1.00 
 
The coefficients x, y, φ are assessed according to Table 4.14 
 
Table 4.14: Values of coefficients (x, y and φ) for Gavrilovitz method. [27] 
Catchment’s land use and vegetation cover 
Coefficient of Soil Cover x 
Mixed and dense forest 0.05–0.20 
Thin forest with grove 0.05–0.20 
Coniferous forest with little grove, scarce bushes, bushy prairie 0.20–0.40 
Damaged forest and bushes, pasture 0.40–0.60 
Damaged pasture and cultivated land 0.60–0.80 
Areas without vegetal cover 0.80–1.00 
 
Soil erodibility coefficient y 
Hard rock, erosion resistant 0.20-0.60 
Rock with moderate erosion resistance 0.60-1.00 
Weak rock, schistose, stabilized 1.00-1.30 
Sediments, moraines, clay and other rock with little resistance 1.30-1.80 
Fine sediments and soils without erosion resistance 1.80-2.00 
Degree of expressed erosion processes 
Coefficient of type and extent of erosion φ 
Little erosion on watershed 0.10-0.20 
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Erosion in waterways on 20–50% of the catchment area 0.30-0.50 
Erosion in rivers, gullies and alluvial deposits, karstic erosion 0.60-0.70 
50–80% of catchment area affected by surface erosion and land-
slides 
0.80-0.90 
Whole watershed affected by erosion 0.90-1.00 
 
The area that cover the drainage basin, as it assessed at chapter two, is equal to 131.09 
square kilometers (km2). Furthermore, the mean altitude of the basin is 949 meters (m) 
and the utilization of land is mainly for forestry purposes. Pili is covered by 20 percent 
from deciduous forest and by 80 percent from coniferous trees and small shrubberies. 
Thus the coefficient of soil cover (x) assessed from Table 5.14 equal to 0.25. From geo-
logical aspect, since the percentage of clay (5%), as well as the percentage of organic 
material (3%), is minor the soil erodibility coefficient (y) assumed equal to 0.2. Finally, 
from Table 5.14 the coefficient of type and extent of erosion (φ) estimated at 0.2. The 
mean annual temperature at basin of Pili is equal to 12.3 degree Celsius (oC), thus the 
temperature coefficient (Tt) is equal to 1.21 (equation 4.15). The mean annual precipita-
tion is equal to 1717.64 millimeters (mm) and the average slope of the basin (s) is ex-
pressed as the ratio of the length of the principal waterway in squared kilometers (km2) 
over the average altitude of the basin in kilometers (km). Since the minimum altitude is 
0.949 kilometers and the length of the waterway is 8.23 kilometers, the average slope of 
the basin is equal to 0.1153. Substituting these values to equations (4.16), (4.14) the 
mean annual sediment yield (W) for the basin of Pili is equal to 5123.08 cubic meters 
(m3). From the total sediment volume, produced within the catchment, only a small per-
centage reaches its outlet [27]. The actual sediment yield of the basin, called sediment 
delivery ratio is determined by the following equation. 
    (4.17) 
where, 
Ru: is the sediment delivery ratio. 
H: is the perimeter of the basin. 
D: is the average elevation of the watershed (in km). 
L: is the length of the principal waterway (in km). 
The average elevation is calculated by the next formula [27]. 
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D = (Hmax – Hmin) - Hmin    (4.18) 
where, 
Hmax: is the maximum altitude of the basin. 
Hmin: is the minimum altitude of the basin. 
Combining equations (4.18) and (4.17) the sediment delivery ratio is estimated to 2.498. 
Finally, the economic life of the project considered equal to fifty years and the total sed-
iment yield (m3) is given from the following formula. 
G = W * Ru*50   (4.19) 
where, 
G: is the total sediment yield. 
Thus the total dead storage of the watershed is assessed to 622145.4 cubic meters (m3). 
4.5 Estimation of energy production 
Water stored at specific height represents potential energy. Hydroelectric plants, trans-
form this potential energy in order to generate electricity, so that they meet the demands 
of a particular area. The total hydrodynamic potential, for such an installation, is the av-
erage energy that is theoretically produced in the course of a year and it is assessed from 
the following equation. 
It = γ *  *    (4.20) 
where, 
γ: is the specific weight of water (in kg/m3). 
: is the average inflow to the basin (in m3/sec). 
: is the vertical distance. 
Respectively the corresponding energy produced (kWH) is estimated from the next 
formula. 
Et = 8760 * It   (4.21) 
where, 
8760: defines the working hours in course of the year. 
These two equations, when they address to a specific installation with a constructed res-
ervoir, transform to the following functions. [29] 
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I = γ * Q * H * n   (4.22) 
or, 
I = 9.81 Q * H * n    (4.23) 
where, 
9.81: is the gravity acceleration (m/s2). 
Q: is the regulated inflow through the reservoir. 
H: is the effective head  
n: is the generator efficiency  
while the produced energy is equal to 
E = 9.81 Q * H * n * t    (4.24) 
where, 
t: is the hours of operation of the installation. 
 It is obvious that a necessary variable for the estimation of the produced energy de-
rived from the installation at the basin of Pili, is the determination of the effective head 
of the reservoir. Before the presentation of the method that employed for the estimation 
of the effective head (H) of the reservoir, some fundamental assumptions should be 
made. The power station is located at the base of the reservoir, therefore the energy 
losses at the penstock (pressure pipes), are minimized. Moreover, the generator effi-
ciency is the product of the efficiencies of the electromechanical equipment (Trans-
former, Generator, Turbine). For our case study the generator efficiency is assumed 
equal to 0.80 percent (80 %). The effective head of the reservoir at basin of Pili is as-
sessed according to the following equation (4.25) that correlates the total volume of the 
reservoir (active storage and dead storage) with the altitude of the basin. 
V=0.0223*H2-12.611*H+1784   (4.25) 
where  
H: is the effective head of the installation. 
The assessed active storage (Dincer method) is equal to 3613394 cubic meters (m3), 
while the dead storage is 622145.4 cubic meters (m3). Thus the total storage of the res-
ervoir is the sum of these distinct storages and is equal to 4235540 cubic meters (m3). 
By substituting these values to equation (4.25) the effective head (H) of the reservoir is 
equal to 45.9 meters (m). Finally, the average regulated inflow through the reservoir for 
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the thirty-year period, is equal to 125945784.9 cubic meters per month (m3/month) 
(Appendix b, Table B.5) or 48.89 cubic meters per second (m3/sec). Utilizing equation 
(4.23) and equation (4.24) the produced power corresponding to the assessed storage of 
the installation at basin of Pili is estimated equal to 17501.24 watts (W) or 17.5 mega-
watts (MW), while the produced energy is equal to 52.5 gigawatts hours (GWh). 
 
5 Climatic models 
In recent years, climatic change has been developed to a very serious issue, since it af-
fects human activities in various aspects. For that reason, numerous climatic models 
have been developed in order to forecast any future climatic changes. These models uti-
lizing quantitative methods to simulate the interactions amongst various climatological 
indexes (temperature, precipitation, atmospheric pressure, etc.). The climatic models are 
divided in two main categories, the Global Circulation Models (GCMs) and the Region-
al Climatic Models (RCMs). Global circulations models, by integrating a variety of 
well-established physical equations (fluid-dynamical, chemical, biological), designed to 
predict climatic changes mainly at continental and large scale areas [30]. These kind of 
models do not resolve spatial scales of less than three hundred kilometers (km), and for 
that reason they are unreliable for small scale analysis of precipitation and temperature 
data [31]. On the other hand, since the local climate is influenced by topographical fea-
tures, models with higher spatial resolution (≈ 50 km) such as the Regional Climatic 
Models are employed. The climatic change is correlated by the Intergovernmental Panel 
on Climate Change (IPCC) with the emissions at the atmosphere, thus climatic models 
simulate meteorological data according to a set of emission scenarios, adopted by IPCC 
[32]. 
 Scenario A1: The A1 storyline describes a future world of very rapid economic 
growth, global population that peaks in mid-century and declines thereafter, and 
the rapid introduction of new and more efficient technologies. Major underlying 
themes are convergence among regions, capacity building, and increased cultur-
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al and social interactions, with a substantial reduction in regional differences in 
per capita income. [32] 
 Scenario A2: The A2 storyline describes a very heterogeneous world. The un-
derlying theme is self-reliance and preservation of local identities. Fertility pat-
terns across regions converge very slowly, which results in continuously increas-
ing global population. Economic development is primarily regionally oriented 
and per capita economic growth and technological change are more fragmented 
and slower than in other storylines. [32] 
 Scenario B1: The B1 storyline describes a convergent world with the same glob-
al population that peaks in midcentury and declines thereafter, as in the A1 
storyline, but with rapid changes in economic structures toward a service and in-
formation economy, with reductions in material intensity, and the introduction 
of clean and resource-efficient technologies. The emphasis is on global solutions 
to economic, social, and environmental sustainability, including improved equi-
ty, but without additional climate initiatives. [32] 
 Scenario B2: The B2 storyline describes a world in which the emphasis is on lo-
cal solutions to economic, social, and environmental sustainability. It is a world 
with continuously increasing global population at a rate lower than A2, interme-
diate levels of economic development, and less rapid and more diverse techno-
logical change than in the B1 and A1 storylines. While the scenario is also ori-
ented toward environmental protection and social equity, it focuses on local and 
regional levels. [32] 
5.1 Model configuration 
At the course of this study in order to evaluate the regional temperature and precipita-
tion data the regional climatic model KNMI-RACMO2 has been implemented. This 
model developed by the Royal Netherlands Meteorological Institute (Koninklijk Neder-
lands Meteorologisch Instituut, KNMI) and it is based on the global circulation model 
(GCM) ECHAM5-r3. KNMI-RACMO2 has a spatial resolution of 0.25 degrees (25 km 
× 25 km) and as a result a total grid of 85° longitude × 95° latitude in a rotated latitude-
longitude projection is produced. The meteorological data that the model utilizes is 
driven from the aforementioned GCM model and extent from January 1950 to Decem-
ber 2100 [33]. Precipitation and temperature data, from the stations located at the area 
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of Pili, have been simulated by the model. For that reason, two locations from the model 
were chosen in such manner that the results would be as homogenous as possible. The 
geographical coordinates of these two locations are demonstrated to the Table 5.1. 
 
Table 5.1: Geographical coordinates of climatic model locations  
Location (Name) Longitude (o) Latitude (o) 
A (DI46) 39.46739 21.43141 
B (DJ46) 39.45678 21.71050 
 
The precipitation and temperature data that have been simulated via the KNMI-
RACMO2 extent to period equal to one hundred years (2000 - 2100). For comparison 
reasons, since the historical precipitation and temperature data cover a thirty years’ time 
period, this time interval is separated to three smaller periods (2000 – 2030, 2030 – 
2060, 2060 – 2100). 
5.1.1 Correction bias. 
For the estimation of the active storage at the basin of Pili, the main two variables are 
precipitation and temperature data. For the prediction of monthly runoff at the basin for 
the upcoming years, the regional climatic model (RCM) KNMI-RACMO2 is utilized. 
Since the input for the model are climatic factors (precipitation and temperature) there is 
the danger that the results will be object to phenomena of bias, possibly due to limited 
process understanding, insufficient spatial resolution or other parameters. For that rea-
son, they need to be post possessed before they being used for any purpose. At the 
course of the years many bias correction methods have been developed and the most 
popular among them is the statistical transformation. This is a methodology that aim to 
adjust the distribution of the model via a new function [34]. 
  (5.1) 
where, 
: is the observed values. 
h: is the transfer function. 
: is the modelled values. 
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In the case that the distribution of the variables is known, the equation (5.1) transforms 
the following form 
   (5.2) 
where, 
Fm: is the cumulative distribution function of modelled values. 
: is the inverse cumulative distribution function corresponding to the observed val-
ues. 
5.1.2 Parametric and non-parametric transformations. 
According to previous methodology (quantile-quantile transformation), the relationship 
between the observed and the modelled values can be attained by using parametric 
equations, such as linear, polynomial, exponential and scale functions. 
xcor = b xm   (5.3) 
xcor = a + b xm   (5.4)  
    (5.5) 
   (5.6)  
   (5.7) 
where, 
xcor: is the precipitation variable of the model after being corrected for bias. 
x: is the precipitation variable of the model. 
a, b, c, τ: are free parameters that should be calibrated through the minimization of the 
residuals. [34] 
 Another method for correction bias is the implementation of non-parametric func-
tions. This methodology dictates that the cumulative distribution function (CDF) of the 
observed as well as the modelled values are approximated by tables of percentiles [34]. 
5.1.3 Implementation of KNMI-RACMO2 at basin of Pili. 
The precipitation and the temperature data the climatic model simulates, have been ex-
tracted from the five precipitation and temperature stations located at the basin of Pili. 
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The geographical coordinates of each station have been presented analytically at chapter 
two of the study. As already mentioned, the KNMI-RACMO2 utilizes two locations of 
the basin (Table 5.1) in order to ensure that the results will be homogenous. Location A 
is representative for the precipitation stations of Paxtouri, Stournareika and Elati, while 
location B represents the precipitation stations of Mouzaki and Drakotrypa. Further-
more, location A is also used for the meteorological station of Paxtouri, since it has 
been denoted as the reference meteorological station. For bias correction of the results 
as far as the precipitation data, non-parametric functions (splines) were implemented for 
all the months of the hydrological year, except from November and January, where 
power and linear transformation were utilized. The non-parametric functions (splines) 
used also for bias correction of the temperature data, as they implemented to all months 
of the hydrological year. To the following figures is presented the mean annual precipi-
tation of the five stations at the basin of Pili. 
 
 
Figure 5.1: Mean annual precipitation of precipitation station at basin of Pili (October 2001- 
September 2030). 
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Figure 5.2: Mean annual precipitation of precipitation station at basin of Pili (October 2031- 
September 2060). 
 
 
Figure 5.3: Mean annual precipitation of precipitation station at basin of Pili (October 2061- 
September 2100). 
 
As it is observed from the figures at the two periods (October 2001 – September 2030, 
October 2031 – September 2060) the mean annual precipitation does not presents 
significant variation. At the third time interval (October 2061 – September 2100) the 
decrease of the total preciptation is slightly higher compared to the other two. The simu-
lated results regarding the temperature at the basin presents significant interest and vari-
ous observations can be made. For the first 30 years of simulations the average tempera-
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ture at the basin does not present almost any difference from the average temperature 
estimated from the historical data. The climatic model assessed the average temperature 
equal to 12.8 0C, which is only 0.40C higher than the temperature estimated at chapter 
two. This is not the case for the other two time periods. The average annual temperature 
exhibits a remarkable increase during the following years. At the second period (Octo-
ber 2031 – September 2060) the average annual temperature ascends to 14.24 0C and at 
the final period (October 2061 – September 2100) it rises even higher as it is equal to 
15.74 0C. At the following figures the mean annual temperature for the meteorological 
station of Paxtouri is demonstrated. 
 
Figure 5.4: Average annual temperature at meteoroloical station of Paxtouri (Ocober 2001 – 
September 2030) 
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Figure 5.5: Average annual temperature at meteoroloical station of Paxtouri (Ocober 2031 – 
September 2060) 
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Figure 5.6: Average annual temperature at meteoroloical station of Paxtouri (Ocober 2061 – 
September 2100) 
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5.2 Hydrological model 
The final goal of this chapter is the assessment of the active storage at the basin of Pili 
based on the simulated climatic data (precipitation, temperature) from the KNMI-
RACMO2 model. For the estimation of monthly runoff (Qc) at the catchment the UTH-
BAL model, which is a lamped hydrological model, is being employed. The methodol-
ogy (inputs, restrictions, boundary conditions, parameters of the model) as well as the 
governing equations that UTHBAL applies in order to estimate the monthly runoff (Qc), 
have been analytically defined and presented at chapter three (paragraph 3.2). The mod-
el utilizes as input three variables, monthly time series of precipitation, monthly time 
series of mean temperature and monthly time series of potential evapotranspiration. For 
the estimation of potential evapotranspiration at basin of Pili the Thorntwaite Method 
(Chapter 3) is being utilized. The annual heat index (I) and the adjusted coefficient (Ld) 
for the basin centroid are demonstrated to the following table (Table 5.2). Implementing 
the equations (equation 3.14 - 3.17) that have been presented at chapter three (paragraph 
3.1.2) the potential evapotranspiration, for the three time periods that are being tested 
(October 2001 – September 2030, October 2031 – September 2061, October 2061 - 
September 2100), assessed and the results are presented in Appendix C (Table C.1 - 
C.3). 
Table 5.2: Annual heat index (I) and adjusted coefficient (Ld) for the basin centroid of Pili. 
Annual heat index (I) Adjusted coefficient (Ld) 
October 4.191185 0.940229 
November 2.27333 0.818334 
December 0.926232 0.795088 
January 0.604722 0.820399 
February 0.940268 0.820038 
March 1.682455 1.006529 
April 2.94594 1.084774 
May 5.509519 1.219695 
June 7.423405 1.230118 
July 9.13722 1.249362 
August 9.465437 1.1651 
September 6.970381 1.020356 
Σ(Ιi) 52.07009  
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The parameters (a, Cm, CN, β, γ, K) that UTBAL model utilizes in order to estimate the 
runoff (Qc) at the catchment have been illustrated at chapter three (paragraph 3.1). Fur-
thermore, the conditions that were applied regarding the assessment of the previous pa-
rameters with the historical data, are also adopted for the climatic data. As a result, the 
runoff (Qc) at the basin of Pili is extracted from the simulations made by the UTHBAL 
model and it is presented to the following figures (Figure 5.7- 5.9). As it is observed 
from the figures, as well as, from the tables presented to Appendix C (Table C.4 - C.6) 
the total runoff (Qc) at the basin of Pili, for the three time periods, is equal to 30359.23 
millimeters per month (mm/month) for the first, 23920.61 millimeters per month 
(mm/month) for the second and 27498.96 millimeters per month (mm/month) for the 
final period. Comparing these results with the initial total estimated runoff at the basin, 
which is equal to 23445.56 millimeters per month (mm/month), it is obvious that for the 
upcoming years the total runoff, expect from the first period. will not present serious 
fluctuation. 
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Figure 5.7: Estimated Runoff at basin of Pili (October 2001 – September 2031) 
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Figure 5.8: Estimated Runoff at basin of Pili (October 2031 – September 2060) 
 
Figure 5.9: Estimated Runoff at basin of Pili (October 2061 – September 2100) 
 
5.3 Estimation of active storage 
Regarding the assessment of the active storage at the basin of Pili the same methodolo-
gies (Ripl method, Dincer method, Stall method), as the historical data, implemented. 
The time period extends to one hundred years and still for comparison reasons it is di-
vided to three time intervals. Finally, for the water demand the same three case scenari-
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os, as they have been described at chapter four (paragraph 4.1.1), are also adopted for 
the climatic data. 
5.3.1 Ripl diagram method 
The Ripl diagram method is a reservoir sizing method based on the difference between 
the supply and the demand of water over a certain period of time. It has been thoroughly 
presented at chapter four and according to this methodology, the active storage of the 
reservoir is estimated as the maximum difference between the cumulative curve of in-
flow to the reservoir and the cumulative curve of the outflow (demand) from the reser-
voir. The inflow to the reservoir, regarding the climatic data, has been estimated via the 
UTHBAL model and the water demand it is considered constant and equal to the mean 
inflow to the reservoir. The maximum range Rt,s, which is the active storage of the res-
ervoir is demonstrated at Appendix D (Table D.1) and in the following figures the cu-
mulative curves of inflow and demand for the three periods (October 2001 – September 
2030, October 2031 – September 2060, October 2061 – September 2100) are presented. 
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Figure 5.10: Cumulative curve of Inflow/Demand (October 2001 - September 2030). 
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Figure 5.11: Cumulative curve of Inflow/Demand (October 2031 - September 2060). 
 
 
Figure 5.12: Cumulative curve of Inflow/Demand (October 2061 - September 2100). 
 
The active storage for the basin of Pili by implementing the Ripl diagram method have 
been assessed for the first period (October 2001 – September 2030) equal to 
3494.40*106 cubic meters (m3). For the second period (October 2031 – September 
2060) the active storage is assessed to 2884.84*106 cubic meters (m3). Finally, for the 
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last period (October 2001 – September 2030) it is equal to 3316.24*106 cubic meters 
(m3). 
 Three different scenarios as far as concern the water demand have been examined. 
Through the first approach the initial water demand (the mean inflow to the reservoir), 
reduced by ten percent. In the same way, an increase equal to ten percent has been eval-
uated and compared to the first approach. Finally, for the last case scenario, the average 
inflow during the summer months (June, July, August) considered as the water demand 
the reservoir requested to fulfill. At the following table the results of the implementation 
of the Ripl method for the three cases scenarios, regarding the variation of water de-
mand, are being demonstrated. 
 
 
Table 5.3: Estimated active storage at the basin of Pili according to water demand variation sce-
narios. 
 
Water demand variation scenarios 
Active storage of the reservoir (106 m3) 
October 2001 – September 
2030 
October 2031 – 
September 2060 
October 2061 – September 
2100 
1st scenario (water demand reduced 
by 10%) 
3526.17 2911.07 3346.87 
2nd scenario (water demand increased 
by 10%) 
3462.64 2858.62 3285.61 
3rd scenario (average inflow during 
the summer months considered as the 
water demand) 
3738.45 3085.49 3551.13 
 
5.3.2 Dincer method 
The second approach for the estimation of the active storage at the basin of Pili, utiliz-
ing the climatic, data is made by the implementation of the Dincer method. According 
to this methodology, that is completely described at chapter four (paragraph 4.2), the 
reservoir storage is calculated as the difference between the outflow and inflow. One 
important parameter of the method, is the water demand that the reservoir is requested 
to fulfill. For the basin of Pili, the water demand has already determined (Table 4.4, 
paragraph 4.2.1) and it is equal to 54.025*106 cubic meters per year (m3/year). The ac-
tive storage of the reservoir has been estimated for several volumes of water demand, as 
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well as for every interval of satisfaction of standardized normal variate Zp, for the three 
periods (October 2001 – September 2030, October 2031 – September 2060, October 
2061 – September 2100). The results are presented in the following tables. 
 
Table 5.4: Estimated active storage at the basin of Pili for the three time periods (October 2001 
– September 2030, October 2031 – September 2060, October 2061 – September 2100) 
October 2001 - September 2030 
Water Demand (106 m3) Percentage p (%) 
 99% 95% 85% 80% 70% 65% 
 Active storage (106 m3) 
30.00 22.98 11.49 4.56 3.01 1.17 0.63 
40.00 25.37 12.69 5.03 3.32 1.29 0.69 
54.03 29.70 14.85 5.89 3.89 1.51 0.81 
60.00 32.03 16.02 6.35 4.20 1.63 0.87 
70.00 36.87 18.44 7.31 4.83 1.87 1.00 
80.00 43.44 21.73 8.62 5.69 2.20 1.18 
 
October 2031 - September 2060 
Water Demand (106 m3) Percentage p (%) 
 99% 95% 85% 80% 70% 65% 
 Active storage (106 m3) 
30.00 24.89 12.45 4.94 3.26 1.26 0.68 
40.00 28.81 14.41 5.72 3.78 1.46 0.79 
54.03 36.97 18.49 7.33 4.85 1.88 1.01 
60.00 42.05 21.03 8.34 5.51 2.13 1.15 
70.00 54.60 27.31 10.83 7.15 2.77 1.49 
80.00 77.82 38.92 15.44 10.20 3.95 2.12 
 
October 2061 - September 2100 
Water Demand (106 m3) Percentage p (%) 
 99% 95% 85% 80% 70% 65% 
 Active storage (106 m3)  
30.00 24.86 12.44 4.93 3.26 1.26 0.68 
40.00 29.78 14.90 5.91 3.90 1.51 0.81 
54.03 41.21 20.61 8.18 5.40 2.09 1.12 
60.00 49.27 24.64 9.77 6.46 2.50 1.34 
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70.00 73.23 36.63 14.53 9.60 3.72 2.00 
80.00 142.54 71.29 28.28 18.68 7.23 3.88 
 
The active storage of the reservoir, in order to fulfill the annual water demand of 
54.025*106 m3 with 85 % standardized normal variate, is equal to 5891425 cubic meters 
(m3) for the first time period (October 2001 – September 2030), 7334938 cubic meters 
(m3) for the second period (October 2031 – September 2060) and 8175574 cubic meters 
(m3) for the last (October 2061 – September 2100). 
 Three different scenarios regarding the water demand, same as those considered at 
Ripl’s method, implemented for the estimation of the active storage. The water demand 
for the first case is equal to 48.6225*106 m3, for the second case increases at 
59.4275*106 m3 and finally for the last case it forms at 7.55*106 m3. The value of stand-
ardized normal variate, for all cases, is equal to 85 percent. 
 
Table 5.5: Estimated active storage at the basin of Pili according to water demand variation sce-
narios. 
 
 
Water demand variation scenarios 
Active storage of the reservoir (106 m3) 
October 2001 – Septem-
ber 2030 
October 2031 – Septem-
ber 2060 
October 2061 – Septem-
ber 2100 
1st scenario (water demand reduced 
by 10%) 
5.5278 6.6130 7.1225 
2nd scenario (water demand in-
creased by 10%) 
6.3063 8.2338 9.5941 
3rd scenario (average inflow during 
the summer months considered as 
the water demand) 
3.6236 3.5780 3.3648 
 
According to Table 5.5 the active storage of the reservoir at basin of Pili for the scenari-
os where the water demand variates plus or minus ten percent, does not exhibits signifi-
cance difference from the initial estimated active storage. This not the case for the last 
scenario, where a substantial reduction is observed, almost equal to fifty percent in 
some cases (2nd scenario, 3rd scenario). 
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5.3.3 Stall method  
The final technique that utilized for the assessment of active storage at basin of Pili is 
the Stall method. This approach, also defines the active storage as the difference be-
tween the inflows at the basin and the water demand and its methodology has been pre-
sented at chapter four (paragraph 4.3). The reference period as well as the annual water 
demand for the basin of Pili assumed equal to the values that have been used for the es-
timation of active storage with the historical data (Chapter 4, paragraph 4.3.1). Accord-
ing to these assumptions the active storage by the implementation of Stall method for 
the three time periods is estimated equal to 3105083 cubic meters (m3) for first time in-
terval (October 2001 – September 2030), 3990167 cubic meters (m3) for the second 
(October 2031 – September 2060) and 4846167 cubic meters (m3) for the last (October 
2061 – September 2100). For all cases the recurrence period is equal to twenty years. In 
the following figures the active storage is presented graphically as the minimum differ-
ence of the cumulative curve of inflow to the reservoir and the cumulative curve of wa-
ter demand. 
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Figure 5.14: Diagram of active storage at Pili for a twenty-year recurrence period (October 2001 
– September 2030). 
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Figure 5.15: Diagram of active storage at Pili for a twenty-year recurrence period (October 2031 
– September 2060). 
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Figure 5.16: Diagram of active storage at Pili for a twenty-year recurrence period (October 2060 
– September 2100). 
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 Finally, for the water demand as in previous methodologies (Ripl, Dincer) has been 
alternated and three different cases scenarios are taken into consideration. For the first 
case the water demand increases by ten percent and assumed equal to 59.428*106 m3 
per year, for the second scenario decreases by ten percent and it is equal to 
48.623*106m3 per year and for the third case the average inflow during the summer 
months considered as the water demand that the reservoir has to fulfil. Implementing 
the Stall methodology, while the other variables (inflow, recurrence period) remain con-
stant the following results are obtained (Table 5.6). 
 
Table 5.6: Estimated active storage at the basin of Pili according to water demand variation sce-
narios 
 
 
Water demand variation scenarios 
Active storage of the reservoir (106 m3) 
October 2001 – Septem-
ber 2030 
October 2031 – Septem-
ber 2060 
October 2061 – Septem-
ber 2100 
1st scenario (water demand reduced 
by 10%) 
2.655 3.090 3.946 
2nd scenario (water demand in-
creased by 10%) 
3.555 4.891 5.747 
3rd scenario (average inflow during 
the summer months considered as 
the water demand) 
2.203 1.611 1.467 
 
5.4 Estimation of dead storage 
The final factor that is to be estimated in order to have a more detailed approach for the 
potential of the hydrological project at basin of Pili, is the dead storage of the reservoir. 
In the course of this study, the methodology utilized while processing the historical data 
in order to estimate the dead storage is the empirical erosion potential model (EPM) de-
veloped by Gavrilovitz. As presented at chapter four (paragraph 4.4) the main variables 
employed by the model, in order to estimate the mean annual sediment yield, depending 
on climatic factors, topographic information, land use and surface geology. More spe-
cifically the mean annual gross erosion at the basin is associated with three main varia-
bles. The mean annual precipitation, the temperature coefficient and the erosion intensi-
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ty coefficient. The methodology (governing equations, boundary conditions, limitations) 
as well as the description of the aforementioned coefficients, have been analytically pre-
sented at chapter four (paragraph 4.4). Employing the Gavrilovitz method for the three 
periods of interest (October 2001 – September 2030, October 2031 - September 2060, 
October 2061 – September 2100) the mean annual gross erosion for the basin of Pili has 
been assessed. For the first period, it is equal to 4380.95 cubic meters per year 
(m3/year), for the second it is equal to 3987.67 cubic meters per year (m3/year) and for 
the last period it is equal to 3864.01 cubic meters per year (m3/year). Since only a small 
percentage of the total sediment volume reaches the basin outlet, the sediment delivery 
ratio of the basin is estimated equal to 2.498. Finally, since the economic life of the pro-
ject considered equal to fifty years the total sediment yield (m3) at the basin of Pili is 
assessed and presented at the following table. 
 
Table 5.7: Estimated dead storage at the basin of Pili for the three periods of interest (October 
2001 – September 2030, October 2031 - September 2060, October 2061 – September 2100). 
Period (years) Total sediment yield /Dead storage (m3) 
October 2001 – September 2030 547213.5 
October 2031 – September 2060 498090.1 
October 2061 – September 21000 482643.4 
 
5.5 Energy production 
The produced power and subsequently the produced energy of the installation at the ba-
sin of Pili, estimated for the upcoming years (October 2001 – September 2100), have a 
fundamental importance for a project of such nature. In order to estimate the produced 
energy, the determination of the effective head of the reservoir is necessary. Implement-
ing the following equation that correlates the total volume of the reservoir (active stor-
age and dead storage) with the altitude of the basin the effective head of the basin for 
the three time periods is estimated. 
V=0.0223*H2-12.611*H+1784   (5.8) 
where  
H: is the effective head of the installation. 
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The effective head (H) of the installation for the first period (October 2001 – September 
2030) is equal to 56.6 meters (m), for the second period (October 2031 – September 
2060) is equal to 62.4 meters (m) and for the final period (October2060 – September 
2100) is equal to 65.6 meters (m). For the assessment of the produced power and energy 
of the installation the following equations are being utilized. 
I = 9.81 Q * H * n    (5.9) 
where, 
9.81: is the gravity acceleration (in m/s2). 
Q: is the regulated inflow through the reservoir. 
H: is the effective head  
n: is the generator efficiency  
while the produced energy is equal to 
E = 9.81 Q * H * n * t    (5.10) 
where, 
t: is the hours of operation of the installation. 
Substituting the estimated regulated inflow of the reservoir, the estimated effective head 
and the generator efficiency to equations the following results are obtained. The pro-
duced power corresponding to the assessed storage of the installation at basin of Pili for 
the first period is estimated equal to 23325.49 watts (W) or 23.3 megawatts (MW), 
while the produced energy is equal to 69.9 gigawatts hours (GWh). For the second peri-
od the produced power is reduced and it is equal to 19561.26 watts (W) or 19.6 mega-
watts (MW) and the energy extracted is equal 58.7 gigawatts hours (GWh). Finally, for 
the third period a further decrease of the produced power and energy is observed since 
the power is equal to 17992.84 watts (W) or 17.9 megawatts (MW) and the correspond-
ing energy is equal 53.9 gigawatts hours (GWh). 
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6 Conclusions 
The present study is an effort to provide information about the most important vari-
ables which can form a stepping stone for the estimation of active storage for the reser-
voir located at the drainage of Pili in Thessaly. This problem, in order to be examined 
for the most accurate approach, tackled by three different techniques of active storage 
assessment, as well as different schemes of water demand implemented and tested. The 
Ripl method, the Dincer method and the Stall method presented and implemented thor-
oughly for that purpose. Among these three methodologies, the Dincer approach is se-
lected as the most suitable for the estimation of the active storage for the basin of Pili, 
due to its higher credibility and according to the extracted results the aforementioned 
active storage corresponding to study period (October 1970 – September 2000) is equal 
to 3613394.23 cubic meters (m3). Furthermore, the estimated active storage via the Stall 
method which is equal to 3128167 cubic meters (m3) for a twenty-year recurrence peri-
od, is utilized as a validation factor, since it is fairly similar. Moreover, by observing the 
three different schemes of water demand an important result can be extracted. The ac-
tive storage of the reservoir is highly correlated with the water demand that is requested 
to fulfill. This is pretty obvious for the third case, where the average inflow during the 
summer months considered as the water demand, since the active storage is suffering a 
significant decrease of sixty-five point six percent (65.6 %) from the initial estimated 
active storage. 
 Before the estimation of produced power and ultimately the installed capacity of the 
installation the dead storage of the basin assessed by implementing the empirical ero-
sion potential model developed by Gavrilovitz. According to this methodology the dead 
storage for the drainage of Pili is equal to 622145.4 cubic meters (m3). Combing the two 
assessed storages (active and dead) the effective head of the installation is estimated 
equal to 45.9 meters (m), thus the produced power corresponding to the assessed storage 
of the installation at basin of Pili is estimated equal to 17501.24 watts or 17.5 mega-
watts (MW), while the corresponding energy is equal to 52.5 gigawatts hours (GWh). 
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 For a project of such nature, the prediction as well as the simulation of climatic in-
dexes (temperature and precipitation) corresponding to the future years, for the estima-
tion of the active storage for the basin of Pili has a fundamental importance. For that 
purpose, the regional climatic model KNMI-RACMO2 has been implemented for three 
periods (October 2001 – September 2030, October 2031 – September 2060. October 
2061 - September 2100). The active storage for the first period (October 2001 – Sep-
tember 2030) is equal to 5891425 cubic meters (m3), 7334938 cubic meters (m3) for the 
second period (October 2031 – September 2060) and 8175574 cubic meters (m3) for the 
last (October 2061 – September 2100). According to these results the active storage is 
increased for the first period by thirty-eight point seven percent (38.7 %), for the second 
period also increased by fifty point seven percent (50.7 %) and for the last period the 
increase is even higher hence the active storage deviates from the initial by fifty-five-
point eight percent (55.8 %). This significant growth of the active storage for the future 
years, also affects the installed capacity of the installation since it increases by twenty-
four point eight percent (24.8 %) for the first period, ten point five percent (10.5 %) for 
the second and finally two point six (2.6 %) for the third period. 
 Further research is recommended in order to the flood storage of the basin is esti-
mated. As far as concern the climatic projection, the simulation regarding the precipita-
tion and temperature data may be validated by cross checking the results with others 
regional climatic models. 
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Table A.1: Meteorological data (1970-2000) Argithea station 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 13.2 8.6 4.9 5.7 4.7 1.5 11.5 16.4 19.2 20.4 21.9 19.0 12.2 
1971-72 11.8 6.6 4.1 1.1 2.0 4.9 9.8 14.3 19.9 19.5 18.9 14.7 10.6 
1972-73 8.1 7.1 2.0 2.2 3.8 3.0 8.5 17.5 19.1 22.1 20.2 18.5 11.0 
1973-74 12.7 7.6 4.7 3.2 4.2 5.7 7.8 13.4 18.5 21.0 22.0 19.4 11.7 
1974-75 14.0 7.5 4.6 3.9 1.9 8.5 11.2 15.7 19.2 21.0 20.5 21.0 12.4 
1975-76 16.9 10.0 7.0 5.8 4.9 7.9 11.0 16.3 18.7 20.6 19.5 18.4 13.1 
1976-77 17.3 10.5 6.2 5.1 9.6 10.6 12.8 16.8 16.9 20.6 21.9 17.5 13.8 
1977-78 14.7 12.0 4.1 3.0 6.8 7.9 9.2 14.2 17.5 20.9 20.2 16.2 12.2 
1978-79 13.2 8.2 6.9 5.0 5.5 8.4 8.1 15.4 20.0 20.8 20.7 18.1 12.5 
1979-80 13.7 8.6 6.9 3.4 5.7 8.0 10.3 12.9 19.0 22.2 22.6 20.1 12.8 
1980-81 15.0 13.0 6.0 1.7 4.6 10.2 12.1 14.6 21.0 21.3 21.4 19.7 13.4 
1981-82 17.4 9.0 7.0 7.7 5.2 6.8 11.1 16.3 19.8 21.2 21.2 18.8 13.5 
1982-83 14.7 9.8 7.0 5.5 4.3 7.6 12.7 16.6 17.0 20.9 19.2 16.5 12.7 
1983-84 10.9 8.0 5.4 5.2 5.3 6.2 10.1 16.9 19.6 21.6 20.4 17.1 12.2 
1984-85 14.7 8.5 3.9 6.0 7.9 2.6 11.5 17.1 19.3 19.5 21.5 18.8 12.6 
1985-86 12.1 12.0 6.9 6.0 4.9 3.0 10.2 16.2 19.1 20.7 21.9 19.0 12.7 
1986-87 13.5 8.0 2.6 5.8 5.3 -2.6 10.3 16.3 18.9 20.6 20.6 20.9 11.7 
1987-88 12.6 9.3 5.6 5.7 4.9 3.4 9.0 14.3 19.5 22.9 21.8 19.1 12.3 
1988-89 13.3 10.1 2.2 3.3 5.3 5.3 11.0 16.2 18.1 21.0 21.0 18.7 12.1 
1989-90 12.3 8.1 4.2 3.8 5.7 6.8 5.5 10.6 19.4 21.3 20.6 18.0 11.4 
1990-91 14.7 5.8 5.9 3.7 4.1 4.3 9.8 14.4 19.1 20.7 20.1 18.0 11.7 
1991-92 15.1 5.8 1.8 4.0 4.7 3.1 10.3 14.3 18.6 20.4 21.7 17.3 11.4 
1992-93 17.3 5.8 4.3 3.8 2.8 3.3 10.9 15.4 19.4 21.1 21.3 18.5 12.0 
1993-94 16.7 8.5 6.9 5.8 4.3 8.4 10.5 15.7 19.0 20.5 21.5 20.2 13.2 
1994-95 15.7 8.6 4.7 4.1 6.6 5.7 10.2 15.8 19.9 20.8 20.3 18.2 12.6 
1995-96 17.0 8.3 7.7 4.8 4.8 1.6 9.9 16.4 19.4 20.9 21.1 11.4 12.0 
1996-97 12.0 8.9 6.3 4.5 5.3 4.4 9.2 16.4 19.9 21.4 20.7 18.0 12.3 
1997-98 12.0 8.9 5.4 5.2 6.1 3.5 10.9 15.1 18.9 21.5 21.9 18.2 12.3 
1998-99 14.7 8.8 3.5 5.1 4.5 5.6 10.6 17.1 20.1 21.2 21.9 18.3 12.6 
1999-00 15.8 8.9 6.1 2.8 5.1 5.4 10.9 16.4 19.3 21.5 21.3 19.1 12.7 
Average 14.1 8.7 5.2 4.4 5.0 5.4 10.2 15.5 19.1 21.0 21.0 18.2 12.3 
Stand. Dev. 2.2 1.7 1.7 1.5 1.5 2.9 1.5 1.5 0.9 0.7 0.9 1.8 0.7 
 
Table A.2: Meteorological data (1970-2000) Bakari station 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 8.0 6.7 5.1 4.1 3.5 5.0 9.5 15.6 17.4 18.2 17.4 12.6 10.3 
1971-72 7.2 6.7 3.1 3.7 7.6 7.4 11.6 13.9 17.6 17.7 18.0 15.8 10.9 
1972-73 7.9 8.5 3.1 1.6 3.3 2.8 8.1 15.9 18.7 19.1 19.3 15.2 10.3 
1973-74 10.8 6.1 4.5 2.4 4.2 6.1 7.8 12.8 16.5 19.3 17.6 17.8 10.5 
1974-75 10.4 6.1 2.9 1.7 1.7 4.8 10.4 14.0 15.8 19.2 16.8 13.9 9.8 
1975-76 12.7 7.3 3.0 1.8 1.9 5.4 10.2 14.0 15.8 17.6 19.4 14.5 10.3 
1976-77 11.6 7.2 3.7 3.2 7.0 7.7 9.8 15.0 16.8 21.1 18.1 14.2 11.3 
1977-78 8.4 8.2 2.2 1.9 5.1 6.2 8.8 13.8 16.3 19.8 18.4 14.9 10.3 
1978-79 10.0 3.7 5.0 2.2 4.5 8.0 8.3 15.0 17.6 19.5 19.3 16.5 10.8 
1979-80 12.8 7.3 5.1 1.6 6.4 5.9 8.1 11.5 17.6 20.4 18.7 15.8 10.9 
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1980-81 15.4 15.7 13.2 1.3 3.5 7.9 10.2 13.5 19.1 20.5 20.0 16.6 13.1 
1981-82 13.0 6.4 8.5 4.0 0.0 7.0 11.0 15.5 17.9 19.8 18.0 15.0 11.3 
1982-83 9.9 6.2 4.8 3.3 2.2 7.6 12.3 16.5 15.9 19.4 18.2 15.8 11.0 
1983-84 10.1 6.6 4.3 3.9 4.4 5.5 8.9 16.2 17.5 19.7 20.3 16.8 11.2 
1984-85 13.2 9.1 3.6 3.4 3.5 6.2 12.3 17.9 19.0 19.6 20.1 16.3 12.0 
1985-86 10.5 9.5 6.5 3.5 3.8 5.5 11.5 14.4 16.9 18.7 19.9 16.2 11.4 
1986-87 11.2 6.0 3.0 3.0 4.3 1.8 9.4 13.0 17.0 19.9 18.4 18.0 10.4 
1987-88 10.5 6.8 5.0 3.4 3.7 5.5 9.2 15.2 17.6 21.6 19.8 16.3 11.2 
1988-89 11.0 1.8 3.2 1.6 4.3 7.0 11.8 13.4 16.4 18.1 18.8 15.9 10.3 
1989-90 10.9 6.8 4.9 1.6 4.8 7.2 10.7 14.4 17.6 20.1 18.4 15.2 11.0 
1990-91 11.7 9.7 3.9 1.6 2.6 6.4 8.5 11.7 17.9 18.4 17.8 15.2 10.4 
1991-92 11.7 7.8 0.0 2.2 3.4 5.5 10.2 12.6 16.8 17.9 19.7 14.5 10.2 
1992-93 12.9 8.2 2.9 1.0 0.7 5.8 10.4 14.3 17.7 19.6 19.2 15.7 10.7 
1993-94 12.8 5.2 6.6 3.6 2.7 7.5 10.7 15.0 17.2 18.3 18.8 16.7 11.3 
1994-95 12.2 5.9 4.1 2.3 6.3 6.1 10.0 15.2 18.4 19.0 18.9 15.6 11.2 
1995-96 13.1 3.8 7.5 2.9 3.6 3.9 9.2 16.0 17.8 19.3 18.8 11.7 10.6 
1996-97 9.9 8.6 5.9 2.6 4.3 5.4 7.6 16.1 18.4 20.2 18.8 15.5 11.1 
1997-98 9.9 8.4 4.9 3.2 5.5 4.9 11.5 14.0 17.0 20.5 18.7 15.6 11.2 
1998-99 11.5 7.5 2.8 3.1 3.0 6.0 10.9 17.3 18.7 19.8 18.7 15.7 11.3 
1999-00 12.3 8.4 5.7 1.3 4.0 5.9 11.7 16.1 17.6 20.5 18.8 16.1 11.5 
Average 11.1 7.2 4.6 2.6 3.9 5.9 10.0 14.7 17.4 19.4 18.8 15.5 10.9 
Stand. Dev. 1.8 2.4 2.3 0.9 1.7 1.4 1.4 1.5 0.9 1.0 0.8 1.3 0.6 
 
 
Table A.3: Meteorological data (1970-2000) Paxtouri station 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 9.3 11.1 5.1 6.4 4.6 7.6 9.2 16.7 18.8 19.5 22.6 17.5 12.4 
1971-72 9.6 8.3 5.8 4.0 4.9 8.4 8.5 17.4 22.6 20.7 22.8 17.7 12.6 
1972-73 13.5 10.7 4.8 4.1 5.3 5.8 8.8 18.5 18.7 22.7 20.9 17.2 12.6 
1973-74 12.6 8.1 5.1 4.4 6.1 8.5 7.8 13.4 18.1 21.9 22.3 18.5 12.2 
1974-75 13.3 12.8 5.7 5.9 5.5 8.5 12.9 14.0 15.9 21.1 17.5 18.1 12.6 
1975-76 13.8 9.7 6.9 5.7 5.3 10.8 13.4 16.0 15.6 20.2 16.9 15.1 12.5 
1976-77 11.6 6.9 4.0 3.2 6.9 8.3 11.1 16.3 17.9 24.1 23.8 16.7 12.6 
1977-78 12.7 14.3 2.7 2.0 5.4 7.6 9.5 15.3 19.6 22.4 23.0 17.2 12.6 
1978-79 13.0 5.1 5.4 2.3 5.0 8.4 9.6 15.4 20.4 20.8 21.8 19.0 12.2 
1979-80 12.8 8.2 4.9 1.3 3.1 5.7 8.0 13.1 17.3 23.1 23.6 20.0 11.8 
1980-81 16.2 10.0 2.6 -0.1 3.1 8.1 10.5 15.3 22.6 20.8 22.4 19.8 12.6 
1981-82 12.6 5.3 4.0 4.0 4.0 1.8 3.7 9.1 14.5 21.2 20.4 19.2 10.0 
1982-83 13.1 7.2 5.4 4.7 3.7 5.7 13.0 17.2 14.2 20.7 20.4 17.5 11.9 
1983-84 13.8 6.2 5.0 4.8 5.0 6.1 6.4 15.1 16.6 20.7 19.1 18.7 11.4 
1984-85 14.8 8.7 4.5 3.8 3.3 6.1 13.2 18.2 19.6 21.6 25.3 18.5 13.1 
1985-86 11.3 10.6 5.0 5.4 5.0 6.4 12.1 14.1 19.4 20.8 24.7 18.5 12.8 
1986-87 12.4 6.3 4.2 4.3 5.3 4.6 8.7 13.3 18.6 23.4 21.2 19.5 11.8 
1987-88 11.7 8.7 4.7 5.2 4.8 6.9 8.4 16.1 20.8 24.2 24.5 18.5 12.9 
1988-89 12.2 3.9 4.1 1.7 5.1 8.2 13.5 14.4 15.8 18.2 22.2 18.3 11.5 
1989-90 11.5 8.4 4.7 1.8 5.5 9.1 13.2 15.9 20.2 22.8 21.0 18.0 12.7 
1990-91 13.3 10.7 4.8 1.8 4.3 7.5 8.3 12.0 19.2 20.3 19.6 18.0 11.7 
1991-92 13.6 9.1 4.9 2.9 4.3 6.7 11.1 13.5 17.4 19.3 24.1 17.6 12.0 
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1992-93 15.2 10.5 4.8 0.7 3.4 6.9 11.1 15.6 20.2 22.4 23.1 18.2 12.7 
1993-94 13.9 6.5 4.8 5.7 4.2 8.3 11.5 15.9 18.1 19.6 23.3 19.5 12.6 
1994-95 13.5 7.2 4.7 3.0 6.1 7.2 10.1 16.1 21.3 20.8 20.6 18.1 12.4 
1995-96 14.0 5.0 4.8 4.1 4.7 5.4 8.7 17.2 19.8 21.4 22.2 13.1 11.7 
1996-97 12.2 10.0 4.8 3.7 5.0 6.6 5.8 17.3 21.3 22.9 21.4 17.9 12.4 
1997-98 12.2 9.9 4.8 4.8 5.6 6.2 13.0 14.6 17.8 23.5 24.1 18.0 12.9 
1998-99 13.2 8.9 4.7 4.5 4.4 7.1 11.9 18.8 22.2 22.1 24.1 18.1 13.3 
1999-00 13.6 9.9 4.8 1.1 4.9 7.0 13.3 17.3 19.2 23.4 22.8 18.7 13.0 
Average 12.9 8.6 4.8 3.6 4.8 7.0 10.2 15.4 18.8 21.5 22.1 18.0 12.3 
Stand. Dev. 1.4 2.4 0.8 1.7 0.9 1.6 2.5 2.1 2.2 1.5 2.0 1.3 0.7 
 
Table A.4: Meteorological data (1970-2000) Polyneri station 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 9.9 9.5 6.8 5.0 5.7 8.8 12.5 15.5 20.7 20.9 20.8 17.8 12.8 
1971-72 10.1 9.9 6.0 4.3 4.8 5.5 9.7 18.2 20.7 23.2 21.6 19.4 12.8 
1972-73 14.4 9.5 7.2 5.0 6.3 8.3 10.1 13.8 19.2 21.1 23.2 19.3 13.1 
1973-74 13.4 9.6 5.8 4.1 3.4 8.2 12.6 15.9 19.2 22.0 21.4 21.5 13.1 
1974-75 14.2 8.1 5.2 4.7 4.5 8.0 11.5 15.6 18.4 20.9 19.0 16.1 12.2 
1975-76 14.8 9.3 6.0 4.8 8.6 9.7 11.9 17.3 20.1 23.0 22.0 16.7 13.7 
1976-77 12.3 11.9 4.3 3.4 5.8 9.3 9.2 14.9 19.5 23.1 21.7 18.4 12.8 
1977-78 13.5 9.1 6.8 4.0 9.7 10.9 9.8 15.6 21.2 22.2 21.6 18.6 13.6 
1978-79 13.9 9.3 7.1 2.7 5.3 8.7 10.3 14.6 19.9 21.6 22.6 19.2 12.9 
1979-80 13.6 10.8 4.9 3.4 5.5 11.7 12.2 15.6 21.6 22.3 22.5 19.5 13.6 
1980-81 17.4 8.3 6.7 7.9 4.2 5.6 9.7 15.6 19.0 21.2 21.6 19.2 13.0 
1981-82 13.4 7.0 6.0 5.6 3.2 7.5 12.7 15.8 16.0 20.5 21.3 18.7 12.3 
1982-83 14.0 9.5 7.2 5.9 5.1 6.0 9.1 15.9 18.8 22.6 20.7 17.9 12.7 
1983-84 14.7 10.0 6.5 3.4 7.2 6.6 15.3 16.3 19.6 22.9 22.4 19.8 13.7 
1984-85 15.9 10.1 5.8 4.7 4.5 6.6 12.9 16.6 19.9 22.5 23.0 19.5 13.5 
1985-86 12.0 10.3 6.6 5.6 5.4 7.1 13.3 15.3 19.0 21.3 23.0 19.4 13.2 
1986-87 13.2 8.8 5.1 5.4 5.9 4.5 10.4 14.4 19.4 22.3 21.8 21.0 12.7 
1987-88 12.5 9.1 6.1 5.9 5.4 7.8 10.5 16.0 20.4 23.7 23.3 19.5 13.3 
1988-89 13.0 6.9 5.1 4.2 5.9 9.8 14.1 14.9 18.4 20.8 22.4 19.2 12.9 
1989-90 12.2 9.1 6.0 4.3 6.3 11.0 12.6 15.5 19.9 22.5 21.6 18.6 13.3 
1990-91 14.2 10.4 6.2 4.0 4.4 8.7 9.5 13.8 20.3 21.1 21.3 18.6 12.7 
1991-92 14.5 9.5 6.3 4.8 5.1 7.5 12.1 14.3 18.9 20.7 23.5 18.0 12.9 
1992-93 16.3 9.7 6.3 4.8 2.8 7.8 11.9 15.4 20.2 22.1 22.9 19.0 13.3 
1993-94 15.3 8.8 6.5 4.9 4.7 9.2 11.8 15.8 19.5 21.2 22.6 20.3 13.4 
1994-95 14.7 9.0 6.1 4.7 7.2 8.2 11.6 15.8 20.0 21.7 21.7 18.9 13.3 
1995-96 15.5 8.3 6.6 4.8 5.3 6.6 11.4 16.1 19.7 21.9 22.2 13.9 12.7 
1996-97 12.6 9.9 6.4 4.7 5.8 7.7 10.9 16.2 20.0 22.5 21.9 18.7 13.1 
1997-98 12.6 9.8 6.2 4.8 6.6 7.4 12.0 15.5 19.4 22.7 22.9 18.8 13.2 
1998-99 14.1 9.5 5.9 4.8 4.9 8.1 11.8 16.6 20.1 22.2 22.9 19.0 13.3 
1999-00 14.8 9.8 6.3 4.5 5.6 8.1 12.0 16.2 19.6 22.7 22.5 19.5 13.5 
Average 13.8 9.4 6.1 4.7 5.5 8.0 11.5 15.6 19.6 22.0 22.1 18.8 13.1 
Stand. Dev. 1.6 1.0 0.7 1.0 1.4 1.6 1.5 0.9 1.0 0.8 0.9 1.4 0.4 
 
Table A.5: Meteorological data (1970-2000) Trikala station 
  -87- 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 15.7 10.9 6.0 8.4 6.5 9.2 14.6 21.7 25.7 25.9 26.7 21.1 16.0 
1971-72 14.6 10.7 6.5 7.0 7.4 10.4 16.6 20.9 26.5 26.7 25.9 21.4 16.2 
1972-73 13.4 10.5 5.9 4.9 7.7 7.7 15.2 22.1 25.0 28.3 25.8 23.1 15.8 
1973-74 16.2 9.4 4.9 6.0 8.2 10.4 12.6 19.5 24.7 27.6 26.8 22.1 15.7 
1974-75 17.4 10.7 6.2 5.4 5.5 12.1 16.0 21.3 24.7 27.2 25.0 24.3 16.3 
1975-76 16.1 10.0 5.9 6.6 6.0 9.3 15.1 19.5 23.6 25.8 23.6 21.4 15.2 
1976-77 17.3 11.4 7.1 6.7 11.8 12.4 15.9 22.2 26.2 29.2 27.1 21.2 17.4 
1977-78 15.4 12.6 5.2 3.9 9.2 11.9 14.3 20.2 26.2 27.8 25.9 20.7 16.1 
1978-79 15.2 8.3 9.2 5.4 8.1 12.9 13.3 20.4 26.2 26.9 26.2 22.4 16.2 
1979-80 15.1 11.4 7.9 4.2 6.6 10.2 14.0 18.3 25.0 28.5 26.9 22.7 15.9 
1980-81 17.4 12.7 7.4 2.4 6.9 13.7 15.9 19.3 27.4 27.1 26.1 22.9 16.6 
1981-82 19.3 8.8 8.5 6.0 4.8 9.5 13.6 19.9 26.9 27.3 26.7 23.5 16.2 
1982-83 16.7 9.0 8.2 6.7 5.4 11.2 18.2 22.6 23.2 27.2 25.5 22.2 16.3 
1983-84 16.0 10.0 6.4 6.8 6.7 9.5 12.8 21.3 25.6 27.4 24.8 23.2 15.9 
1984-85 19.4 11.5 6.3 5.8 5.5 9.6 17.4 22.7 26.5 28.3 28.0 23.2 17.0 
1985-86 15.1 11.9 8.5 7.4 6.9 10.0 17.3 20.4 24.9 26.5 27.7 23.1 16.6 
1986-87 16.2 9.5 2.8 6.3 7.5 3.7 14.4 19.1 25.1 28.0 25.9 24.7 15.3 
1987-88 15.1 10.0 6.9 7.2 6.8 10.0 14.2 21.2 26.0 30.1 27.6 23.2 16.5 
1988-89 15.1 6.6 3.5 3.7 7.6 12.5 17.7 19.5 24.2 25.8 26.4 22.9 15.5 
1989-90 14.5 10.0 5.0 3.8 8.2 12.9 16.3 20.4 26.1 28.3 25.8 22.3 16.1 
1990-91 17.2 12.0 6.3 3.8 5.4 11.5 13.2 17.8 26.5 26.2 25.1 22.3 15.6 
1991-92 17.4 10.7 2.3 4.9 6.4 10.0 15.5 18.7 24.8 25.6 27.4 21.7 15.5 
1992-93 18.3 11.0 4.7 2.6 3.1 10.6 15.9 20.3 26.2 27.7 26.9 22.7 15.8 
1993-94 18.7 8.9 8.6 7.6 5.6 13.2 16.3 21.1 25.4 25.9 27.1 24.4 16.9 
1994-95 17.8 9.4 5.8 5.0 10.0 10.7 15.2 21.3 27.1 26.9 25.5 22.4 16.4 
1995-96 18.9 7.9 9.5 6.1 6.6 6.9 14.1 22.2 26.3 27.3 26.5 15.3 15.6 
1996-97 14.7 11.2 7.8 5.7 7.5 9.5 11.9 22.2 27.1 28.6 26.0 22.2 16.2 
1997-98 14.7 11.2 6.7 6.7 9.0 8.7 17.4 20.0 25.2 29.0 27.6 22.4 16.5 
1998-99 16.9 10.5 4.4 6.5 6.0 10.6 16.6 23.5 27.5 27.9 27.6 22.6 16.7 
1999-00 17.9 11.2 7.6 3.1 7.2 10.4 17.7 22.2 25.9 28.9 26.8 23.3 16.8 
Average 16.5 10.3 6.4 5.6 7.0 10.4 15.3 20.7 25.7 27.5 26.4 22.4 16.2 
Stand. Dev. 1.6 1.4 1.8 1.6 1.7 2.0 1.7 1.4 1.1 1.1 1.0 1.6 0.5 
 
Table A.6: Monthly average temperature at basin of Pili estimated by the temperature lapse rate 
method. 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 9.35 11.05 5.15 6.43 4.58 7.58 9.21 16.70 18.79 19.55 22.66 17.48 148.53 
1971-72 9.57 8.30 5.80 4.00 4.90 8.40 8.51 17.41 22.61 20.69 22.81 17.71 150.70 
1972-73 13.49 10.70 4.80 4.10 5.30 5.80 8.81 18.51 18.71 22.70 20.91 17.21 151.03 
1973-74 12.58 8.10 5.10 4.40 6.10 8.50 7.81 13.41 18.11 21.94 22.31 18.51 146.87 
1974-75 13.30 12.76 5.70 5.90 5.50 8.50 12.91 14.01 15.91 21.06 17.51 18.11 151.17 
1975-76 13.85 9.70 6.90 5.70 5.30 10.80 13.41 16.04 15.62 20.18 16.91 15.11 149.53 
1976-77 11.57 6.90 4.00 3.20 6.90 8.30 11.11 16.31 17.91 24.09 23.81 16.71 150.81 
1977-78 12.67 14.26 2.70 2.00 5.40 7.60 9.51 15.31 19.61 22.45 23.01 17.21 151.72 
1978-79 13.03 5.10 5.40 2.30 5.00 8.40 9.61 15.41 20.41 20.81 21.81 19.01 146.29 
1979-80 12.76 8.20 4.90 1.30 3.10 5.70 8.01 13.11 17.33 23.08 23.61 20.01 141.10 
-88- 
1980-81 16.22 10.00 2.60 -0.10 3.10 8.10 10.51 15.31 22.61 20.81 22.41 19.81 151.38 
1981-82 12.58 5.30 4.00 4.00 4.00 1.80 3.71 9.11 14.51 21.19 20.41 19.16 119.77 
1982-83 13.12 7.21 5.38 4.72 3.72 5.67 13.00 17.17 14.23 20.69 20.43 17.54 142.88 
1983-84 13.76 6.16 4.97 4.82 5.05 6.08 6.37 15.06 16.61 20.69 19.07 18.74 137.37 
1984-85 14.81 8.72 4.54 3.83 3.30 6.06 13.16 18.22 19.58 21.57 25.26 18.54 157.58 
1985-86 11.31 10.59 5.03 5.41 5.05 6.40 12.06 14.12 19.38 20.81 24.68 18.47 153.32 
1986-87 12.39 6.28 4.17 4.32 5.33 4.62 8.74 13.30 18.59 23.46 21.20 19.48 141.88 
1987-88 11.73 8.72 4.75 5.21 4.81 6.87 8.42 16.11 20.77 24.21 24.49 18.54 154.63 
1988-89 12.23 3.95 4.13 1.75 5.14 8.25 13.48 14.36 15.82 18.17 22.17 18.35 137.79 
1989-90 11.48 8.37 4.68 1.85 5.52 9.06 13.16 15.88 20.18 22.83 21.01 17.97 151.98 
1990-91 13.31 10.70 4.78 1.85 4.34 7.50 8.26 12.02 19.19 20.31 19.65 17.97 139.88 
1991-92 13.56 9.07 4.87 2.94 4.29 6.69 11.11 13.54 17.40 19.30 24.10 17.59 144.47 
1992-93 15.22 10.47 4.84 0.66 3.39 6.87 11.11 15.64 20.18 22.45 23.13 18.22 152.19 
1993-94 13.88 6.53 4.80 5.67 4.21 8.33 11.53 15.87 18.13 19.57 23.29 19.46 151.27 
1994-95 13.52 7.22 4.74 3.03 6.08 7.16 10.10 16.07 21.31 20.84 20.61 18.07 148.76 
1995-96 14.00 5.00 4.81 4.14 4.65 5.41 8.66 17.17 19.79 21.37 22.25 13.14 140.41 
1996-97 12.24 10.01 4.78 3.74 5.02 6.63 5.80 17.27 21.31 22.95 21.43 17.89 149.07 
1997-98 12.24 9.87 4.76 4.75 5.63 6.24 12.96 14.58 17.83 23.48 24.11 18.02 154.47 
1998-99 13.16 8.89 4.71 4.55 4.37 7.12 11.89 18.77 22.22 22.11 24.11 18.15 160.05 
1999-00 13.56 9.87 4.78 1.10 4.90 7.02 13.32 17.27 19.19 23.38 22.83 18.68 155.88 
Average 12.9 8.6 4.8 3.6 4.8 7.0 10.2 15.4 18.8 21.6 22.1 18.0 147.8 
Stand. Dev. 1.4 2.4 0.8 1.7 0.9 1.6 2.5 2.1 2.2 1.5 2.0 1.3 7.8 
 
 
Table A.7: Precipitation data (1970-2000) Drakotrypa station 
Hydrological 
Year  
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 28.8 90.8 190.3 94.9 350.3 261.5 18.4 50.7 22.6 2.9 10.1 51.6 1172.9 
1971-72 78.7 271.6 119.8 266.3 167.8 150.2 269.7 48.4 13.8 62.4 28.6 30.4 1507.7 
1972-73 269.0 79.2 65.0 224.0 212.9 231.0 35.0 47.0 8.2 0.0 81.4 51.6 1304.3 
1973-74 263.2 141.0 299.6 105.2 304.4 136.0 274.2 65.0 19.4 0.0 0.0 100.6 1708.6 
1974-75 216.6 163.2 46.2 40.2 296.7 81.4 68.2 77.1 47.9 4.9 41.1 24.5 1108.0 
1975-76 102.5 151.0 187.7 110.0 240.6 115.2 119.2 59.0 29.6 36.6 41.6 12.4 1205.4 
1976-77 171.9 126.8 374.8 66.0 49.4 39.6 58.8 21.2 20.8 0.0 6.8 90.0 1026.1 
1977-78 21.0 101.5 247.0 291.4 123.2 125.4 121.0 37.8 0.0 4.2 0.0 173.3 1245.8 
1978-79 98.8 73.0 213.6 125.6 223.2 37.4 162.0 179.0 6.8 17.9 17.0 22.4 1176.7 
1979-80 299.8 207.2 232.2 225.8 110.8 313.8 104.6 126.8 19.2 0.0 13.8 19.0 1673.0 
1980-81 256.2 71.0 247.8 521.8 280.4 50.2 49.8 97.4 24.4 0.0 24.4 63.0 1686.4 
1981-82 106.6 103.4 312.2 56.2 244.2 200.6 108.6 128.0 40.8 0.0 8.4 44.6 1353.6 
1982-83 135.0 120.0 90.8 42.0 165.0 27.6 11.0 10.8 44.2 29.6 4.4 28.0 708.4 
1983-84 86.6 162.4 267.7 70.8 453.8 116.2 168.4 14.6 20.6 10.4 28.0 11.4 1410.9 
1984-85 2.4 141.8 45.0 234.5 67.6 124.1 147.4 88.4 10.6 13.2 1.0 3.0 879.0 
1985-86 145.0 299.6 115.5 201.3 327.6 97.7 71.8 82.5 131.3 7.0 18.7 39.6 1537.6 
1986-87 197.8 73.4 165.3 379.1 177.0 187.0 105.3 64.7 27.0 5.0 36.3 0.3 1418.2 
1987-88 201.7 230.3 142.3 81.9 65.0 110.9 66.6 35.6 19.3 0.4 0.4 26.8 981.2 
1988-89 88.2 189.6 249.3 55.2 182.2 30.4 109.5 86.8 33.5 65.2 0.0 12.6 1102.5 
1989-90 137.5 140.5 143.0 10.4 10.4 19.7 86.3 145.0 1.9 2.0 59.9 43.6 800.2 
1990-91 59.0 171.9 495.9 145.0 176.3 112.8 199.5 129.4 18.3 10.3 69.2 6.2 1593.8 
1991-92 143.2 205.2 71.3 55.5 18.6 135.3 216.8 113.5 38.9 15.4 0.4 27.0 1041.1 
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1992-93 212.8 162.3 181.7 180.9 292.9 103.4 74.9 110.0 20.1 3.8 6.2 9.3 1358.3 
1993-94 87.5 249.4 185.7 221.8 419.1 76.4 129.4 87.5 41.2 16.2 15.8 14.3 1544.4 
1994-95 319.8 158.1 200.2 213.9 70.5 150.5 112.7 95.7 15.6 28.3 32.6 90.5 1488.2 
1995-96 65.2 139.6 310.9 185.9 262.3 219.8 96.7 66.9 10.1 15.3 39.9 75.6 1488.2 
1996-97 210.0 161.6 195.1 181.2 95.7 73.0 136.5 73.3 19.2 2.2 19.7 72.4 1239.8 
1997-98 187.0 175.3 230.8 86.4 241.5 87.7 82.3 122.3 21.5 2.2 12.0 31.0 1280.1 
1998-99 70.0 323.5 265.0 143.2 121.7 211.1 95.5 72.8 11.1 15.7 48.7 73.3 1451.3 
1999-00 141.7 221.2 204.4 84.5 249.1 51.8 78.3 76.6 18.4 11.5 12.1 82.7 1232.4 
Mean 146.8 163.5 203.2 156.7 200.0 122.6 112.6 80.5 25.2 12.8 22.6 44.4 1290.8 
St.deviation 84.5 65.8 99.5 111.4 114.1 73.9 64.2 39.8 23.4 16.9 21.7 37.9 260.9 
 
Table A.8: Precipitation data (1970-2000) Elati station 
Hydrological 
Year  
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 280.7 36.9 214.7 318.9 255.5 234.4 126.1 33.5 9.0 4.8 135.6 85.7 1735.8 
1971-72 109.1 264.3 134.3 339.6 122.5 181.2 370.5 43.0 23.9 173.0 35.5 35.6 1832.5 
1972-73 418.4 103.6 131.6 201.5 229.8 268.9 26.0 65.4 18.5 48.1 59.7 57.2 1628.7 
1973-74 232.1 146.5 230.2 99.5 333.3 195.8 327.7 102.6 40.1 13.0 0.0 174.7 1895.5 
1974-75 257.0 231.1 46.3 52.3 283.6 74.7 104.8 80.1 63.9 24.7 215.8 35.4 1469.7 
1975-76 128.6 262.3 147.5 97.1 328.3 146.4 136.0 83.0 35.0 18.0 15.6 23.7 1421.5 
1976-77 232.0 202.5 329.8 97.8 47.7 25.0 64.8 25.3 24.7 17.5 11.0 88.8 1166.9 
1977-78 97.2 212.1 231.3 224.4 140.6 101.0 237.3 64.0 24.5 24.5 7.6 257.6 1622.1 
1978-79 127.8 143.7 208.5 378.6 304.4 150.8 239.0 320.6 26.7 50.9 28.7 18.3 1998.0 
1979-80 481.9 386.1 612.9 279.7 148.4 230.0 85.8 168.1 18.0 0.0 27.8 31.5 2470.2 
1980-81 390.5 180.3 265.8 278.3 245.2 91.3 147.6 118.7 28.9 4.1 128.1 125.9 2004.7 
1981-82 164.2 128.9 550.0 66.6 233.6 541.7 215.1 262.8 23.2 22.1 41.2 117.1 2366.5 
1982-83 201.4 334.2 434.7 32.3 168.4 83.2 70.6 25.2 156.1 150.5 31.3 44.7 1732.6 
1983-84 172.6 216.3 229.3 211.6 276.8 188.7 346.8 85.1 9.6 11.7 142.4 42.6 1933.5 
1984-85 19.6 266.8 267.5 93.8 92.7 206.1 355.8 55.6 18.5 19.2 0.0 17.5 1413.1 
1985-86 232.8 318.9 255.3 144.3 308.7 138.1 36.5 148.3 124.7 63.8 24.8 38.0 1834.2 
1986-87 0.0 166.2 167.4 332.3 229.7 342.9 118.3 93.2 28.5 15.7 18.2 0.0 1512.4 
1987-88 274.8 262.7 154.6 188.9 116.4 107.3 69.1 51.7 18.2 0.0 9.5 33.2 1286.4 
1988-89 223.7 293.8 216.3 30.0 134.3 267.5 72.4 154.3 48.1 72.0 3.8 27.9 1544.1 
1989-90 169.5 179.8 116.8 17.0 73.7 23.6 112.8 168.1 5.1 0.3 66.7 13.2 946.6 
1990-91 93.9 240.8 396.2 120.5 222.0 99.0 290.9 155.4 18.2 18.2 110.4 63.4 1828.9 
1991-92 143.2 165.9 55.0 36.0 80.8 86.4 273.7 193.7 60.9 27.1 0.0 10.5 1133.2 
1992-93 169.5 124.3 239.6 130.0 222.0 108.9 86.4 227.3 36.6 0.0 12.5 48.4 1405.5 
1993-94 176.7 309.0 198.5 264.6 309.0 43.2 177.7 83.9 15.2 42.7 44.9 19.0 1684.4 
1994-95 402.8 187.3 200.3 44.5 55.3 204.5 116.6 143.7 5.5 119.5 67.9 109.6 1657.5 
1995-96 95.6 147.3 363.7 186.8 246.5 276.6 86.1 59.3 11.2 30.4 90.3 109.9 1703.7 
1996-97 291.2 191.2 255.5 183.5 103.4 87.6 164.1 73.7 21.6 11.1 38.1 105.5 1526.3 
1997-98 260.1 218.6 288.8 116.5 228.7 106.6 57.9 184.8 24.2 11.1 18.3 47.6 1563.1 
1998-99 102.0 514.3 320.8 156.6 125.7 265.4 83.6 72.5 12.4 31.0 113.1 106.7 1903.9 
1999-00 198.9 310.2 264.1 115.1 235.2 60.4 50.1 81.1 20.6 24.9 18.4 119.9 1499.0 
Mean 204.9 224.9 250.9 161.3 196.7 164.6 155.0 114.1 32.4 35.0 50.6 67.0 1657.3 
St.deviation 113.9 94.4 126.7 103.4 87.1 109.7 103.8 72.3 32.9 42.8 53.2 56.5 330.1 
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Table A.9: Precipitation data (1970-2000) Mouzaki station 
Hydrological 
Year  
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 150.1 30.9 122.0 154.1 169.2 267.5 53.4 12.9 23.1 20.0 61.6 45.7 1110.5 
1971-72 96.0 127.0 78.3 156.6 111.5 107.7 204.4 34.5 5.7 39.3 21.5 21.4 1003.9 
1972-73 222.4 53.5 39.2 186.3 185.1 163.7 14.5 36.5 5.5 36.0 71.3 64.8 1078.8 
1973-74 202.8 93.1 119.5 86.7 223.6 126.8 182.9 51.8 19.8 0.0 4.5 51.4 1162.9 
1974-75 139.1 163.2 86.3 16.6 171.2 60.6 65.0 54.3 112.9 19.3 80.0 12.6 981.1 
1975-76 134.0 174.1 140.7 101.3 225.4 98.6 127.0 23.3 20.4 36.9 25.9 11.8 1119.4 
1976-77 138.4 116.9 171.6 68.3 36.0 26.5 90.5 21.1 13.1 2.3 14.6 101.1 800.4 
1977-78 37.7 116.9 135.5 189.1 122.2 80.6 123.1 19.2 26.8 0.0 0.0 166.9 1018.0 
1978-79 97.9 147.6 123.8 152.4 230.6 51.6 184.1 117.0 30.4 38.8 23.1 19.8 1217.1 
1979-80 258.4 184.8 203.3 201.6 105.9 233.7 66.9 89.4 12.7 0.0 9.9 19.4 1386.0 
1980-81 260.8 121.3 176.5 225.6 90.5 24.5 98.8 54.9 46.8 0.0 23.1 18.3 1141.1 
1981-82 117.8 92.3 183.9 40.9 117.6 257.8 154.5 143.2 16.9 14.0 34.1 6.0 1179.0 
1982-83 79.5 164.5 156.0 60.6 65.8 67.2 53.3 45.4 66.8 28.9 14.7 8.0 810.7 
1983-84 87.9 121.3 273.1 151.3 204.8 130.5 128.7 51.7 17.3 10.7 34.1 30.3 1241.7 
1984-85 28.9 114.4 127.8 171.8 55.5 117.2 148.2 15.5 19.9 8.9 11.5 2.9 822.5 
1985-86 133.3 186.2 85.0 108.8 210.0 91.3 42.2 83.9 85.4 10.0 13.1 29.9 1079.1 
1986-87 115.8 122.2 51.7 155.3 112.2 205.7 108.3 51.7 18.5 11.4 15.0 8.0 975.8 
1987-88 162.2 125.5 96.9 111.3 78.1 56.2 75.1 19.5 12.7 11.9 11.7 10.1 771.2 
1988-89 86.4 146.0 122.1 57.1 82.6 76.9 70.5 33.5 14.7 36.8 12.8 10.5 749.9 
1989-90 83.2 93.5 113.6 52.9 53.3 35.7 49.1 81.3 10.3 13.2 35.4 10.6 632.1 
1990-91 70.3 155.9 245.8 121.1 113.8 118.2 165.8 72.7 18.7 21.6 19.9 5.2 1129.0 
1991-92 76.5 86.4 69.1 108.6 38.5 38.3 166.2 81.8 60.1 23.5 11.5 15.3 775.8 
1992-93 83.4 83.9 105.9 140.5 164.2 96.9 63.4 90.0 19.2 11.7 11.5 4.7 875.3 
1993-94 14.3 57.9 20.1 48.0 165.7 8.5 15.1 16.9 1.2 4.5 2.1 0.0 354.3 
1994-95 308.5 92.8 124.1 73.4 14.6 27.8 13.5 18.9 3.3 20.3 7.5 10.6 715.3 
1995-96 33.1 33.7 152.4 71.2 193.3 139.2 17.6 5.3 1.0 16.8 34.3 64.5 762.4 
1996-97 202.0 117.9 143.5 134.0 70.2 53.1 100.6 35.6 16.3 8.0 19.2 61.3 961.8 
1997-98 177.3 132.6 179.3 91.0 152.2 66.5 45.3 99.8 18.1 8.0 13.5 20.1 1003.7 
1998-99 51.3 292.2 213.7 116.7 84.8 179.0 58.7 34.9 10.1 17.0 40.9 62.2 1161.5 
1999-00 128.5 182.1 152.8 90.1 156.4 33.8 41.2 39.9 15.7 14.2 13.6 71.6 940.0 
Mean 125.9 124.4 133.8 114.8 126.8 101.4 90.9 51.2 24.8 16.1 23.1 32.2 965.3 
St.deviation 73.1 52.6 57.6 52.6 62.6 70.6 56.0 34.1 25.4 12.2 19.3 36.1 216.8 
 
Table A.10: Precipitation data (1970-2000) Pertouli station 
Hydrological 
Year  
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 63.9 133.4 204.3 88.5 191.9 315.2 68.1 63.5 40.8 23.4 27.7 65.6 1286.2 
1971-72 104.3 174.7 224.7 234.9 193.8 113.6 163.3 104.1 36.0 214.6 74.5 31.0 1669.7 
1972-73 281.0 132.5 115.7 176.1 150.3 320.9 56.7 96.1 42.0 160.4 31.0 164.4 1726.9 
1973-74 246.8 169.0 237.2 173.4 182.5 69.3 284.7 204.5 34.5 6.2 22.6 78.9 1709.6 
1974-75 226.4 234.1 11.1 18.7 175.4 50.0 72.8 67.1 83.4 38.0 12.8 21.8 1011.6 
1975-76 131.5 140.9 90.5 20.5 78.6 55.2 142.4 94.4 93.0 60.0 34.7 19.2 960.9 
1976-77 148.4 195.3 262.4 67.1 50.7 51.7 125.1 26.7 36.6 32.7 37.1 83.3 1117.1 
1977-78 44.8 154.9 108.1 83.3 124.6 99.4 220.6 76.5 38.5 21.0 29.4 198.0 1199.1 
1978-79 110.2 122.5 217.3 261.3 171.5 19.9 207.2 206.6 42.0 70.5 16.0 24.6 1469.6 
1979-80 196.0 250.9 307.5 178.5 108.0 272.6 50.4 117.7 36.8 15.9 6.8 29.4 1570.5 
  -91- 
1980-81 335.4 205.5 321.9 364.2 131.6 40.4 87.6 105.6 14.7 15.6 117.4 69.2 1809.1 
1981-82 153.8 112.5 331.1 50.1 182.0 315.4 130.7 213.2 33.5 9.0 45.2 125.5 1702.0 
1982-83 138.1 322.7 301.2 50.7 107.9 71.4 91.5 58.3 88.2 136.0 12.6 20.2 1398.8 
1983-84 92.0 186.5 436.1 187.0 199.2 159.6 179.0 97.5 35.2 21.9 76.7 54.1 1724.9 
1984-85 73.2 177.8 181.5 220.0 107.0 142.5 206.4 56.3 25.8 15.9 22.6 12.4 1241.5 
1985-86 167.0 239.9 146.4 214.0 392.4 109.3 40.3 134.8 149.5 67.0 29.8 24.7 1715.1 
1986-87 190.4 98.3 149.8 252.6 165.7 361.2 55.8 98.5 53.8 33.4 52.4 20.2 1532.1 
1987-88 256.5 259.5 135.6 96.3 185.4 100.0 63.3 8.9 75.6 2.0 23.2 57.5 1263.8 
1988-89 88.4 259.1 250.2 20.0 102.6 122.2 75.0 137.3 54.0 103.9 7.2 21.8 1241.7 
1989-90 187.9 166.8 108.3 14.0 89.0 69.8 114.2 131.7 4.4 41.7 89.8 28.9 1046.5 
1990-91 97.4 117.0 384.1 109.2 165.0 87.1 198.2 86.9 46.3 49.1 128.3 5.2 1473.8 
1991-92 90.0 193.5 103.5 30.0 75.0 98.3 263.0 111.0 78.8 53.1 3.0 21.5 1120.7 
1992-93 198.7 133.7 249.3 119.0 255.0 119.0 71.8 149.0 23.0 2.5 1.7 22.0 1344.7 
1993-94 57.1 182.9 217.4 247.3 132.5 21.8 90.8 83.7 15.6 32.7 30.9 15.5 1128.2 
1994-95 319.7 168.6 243.7 234.1 74.5 114.6 82.3 99.8 3.7 83.5 69.7 126.5 1620.7 
1995-96 77.8 152.5 389.8 157.7 172.0 244.0 82.5 70.9 25.9 51.3 68.1 105.2 1597.8 
1996-97 223.6 170.6 214.9 153.5 107.1 49.4 127.3 79.8 34.2 15.9 35.3 100.4 1311.8 
1997-98 200.5 181.9 268.7 68.5 163.9 68.9 66.3 148.1 36.3 15.9 22.8 37.8 1279.7 
1998-99 82.5 303.5 320.5 119.4 117.2 232.4 81.1 79.1 26.8 52.4 82.4 101.7 1599.0 
1999-00 154.8 219.5 228.8 66.7 166.8 21.4 61.9 84.4 33.4 41.1 22.9 116.0 1217.9 
Mean 157.9 185.4 225.4 135.9 150.6 130.6 118.7 103.1 44.7 49.5 41.1 60.1 1403.0 
St.deviation 79.1 55.7 99.1 90.6 65.3 100.3 67.0 47.8 30.2 48.8 33.0 49.8 249.4 
 
 
Table A.11: Precipitation data (1970-2000) Stournareika station 
Hydrological 
Year  
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
1970-71 235.4 139.1 324.8 470.0 253.6 311.4 93.6 34.6 13.0 30.9 24.2 110.5 2041.1 
1971-72 81.0 439.7 237.4 251.8 190.5 187.3 367.6 131.3 32.2 75.4 44.7 27.8 2066.7 
1972-73 450.9 159.1 63.9 189.3 285.2 296.7 117.8 106.7 25.2 28.1 56.4 51.6 1830.9 
1973-74 254.5 200.6 411.0 113.8 359.7 158.6 294.6 114.1 21.3 5.0 10.4 186.3 2129.9 
1974-75 391.3 264.8 54.2 36.5 246.2 0.0 89.9 77.4 66.7 33.7 103.6 32.1 1396.4 
1975-76 193.5 274.8 196.6 122.6 243.2 124.6 154.4 94.7 34.0 78.3 12.5 51.4 1580.6 
1976-77 171.9 286.4 509.9 140.5 59.0 45.9 125.5 37.2 26.8 10.1 34.6 101.5 1549.3 
1977-78 79.2 257.5 222.3 404.1 276.2 163.0 212.8 107.3 22.4 8.9 5.8 170.1 1929.6 
1978-79 124.4 96.4 313.2 419.3 400.0 168.2 320.8 166.6 44.6 92.2 35.5 37.9 2219.1 
1979-80 277.9 272.1 283.2 249.1 134.6 290.6 92.1 116.5 31.6 3.4 25.4 28.0 1804.5 
1980-81 340.9 282.3 442.3 307.7 278.5 76.2 137.6 196.5 17.6 1.4 63.6 96.9 2241.5 
1981-82 189.2 302.6 331.7 182.6 267.6 245.2 313.1 237.5 24.0 31.1 36.5 93.7 2254.8 
1982-83 265.1 445.1 372.1 172.9 174.5 132.1 97.0 100.6 85.0 35.8 26.3 46.9 1953.4 
1983-84 168.4 304.9 611.2 262.3 298.7 193.6 301.1 108.3 30.6 24.2 62.3 69.8 2435.4 
1984-85 106.0 281.6 273.7 282.5 165.3 180.6 353.6 64.5 22.4 23.1 20.3 41.6 1815.2 
1985-86 216.3 515.7 227.2 220.4 303.4 155.4 67.4 147.1 105.6 25.0 23.2 69.4 2076.1 
1986-87 197.8 307.0 159.2 266.2 215.9 266.6 245.9 108.3 31.9 24.7 26.8 46.9 1897.2 
1987-88 246.9 317.9 251.4 223.5 185.4 121.4 156.1 69.5 25.5 25.0 20.7 49.0 1692.3 
1988-89 166.8 384.5 302.8 169.4 189.5 141.4 89.6 86.4 27.7 40.9 22.7 49.5 1671.2 
1989-90 163.3 213.6 285.5 165.3 163.3 101.5 85.6 144.0 22.8 25.8 64.6 49.6 1484.9 
1990-91 149.7 416.9 555.3 116.3 217.4 102.3 246.7 208.2 15.1 25.6 66.8 10.5 2130.8 
1991-92 45.7 154.7 16.6 23.1 56.4 104.0 209.5 125.7 59.6 38.6 0.0 22.6 856.5 
-92- 
1992-93 208.0 195.0 269.7 84.0 123.0 147.0 76.5 203.9 20.0 0.0 4.0 43.5 1374.6 
1993-94 39.0 70.4 345.9 207.0 341.5 18.8 178.3 52.3 4.0 50.7 25.0 61.1 1394.0 
1994-95 416.3 241.2 323.9 242.2 143.6 181.5 144.5 124.8 24.8 36.8 47.7 112.9 2040.1 
1995-96 101.6 198.9 559.2 227.7 252.5 251.4 118.2 79.0 20.6 29.7 57.9 98.4 1995.3 
1996-97 280.6 249.2 313.1 225.3 157.9 103.2 183.8 89.1 27.5 22.6 29.7 95.3 1777.3 
1997-98 252.2 280.6 388.9 176.4 240.7 118.1 94.5 167.0 29.3 22.6 19.0 55.1 1844.3 
1998-99 107.5 618.9 461.6 205.7 172.6 242.6 116.1 88.3 21.4 29.9 70.2 96.2 2231.0 
1999-00 196.2 385.4 332.8 175.4 245.0 81.9 87.9 94.3 26.9 27.7 19.1 105.4 1777.9 
Mean 203.9 285.2 314.7 211.1 221.4 157.0 172.4 116.1 32.0 30.2 35.3 70.4 1849.7 
St.deviation 103.4 120.6 142.8 100.8 80.9 80.0 91.9 50.2 21.2 21.3 23.8 41.2 337.5 
 
Table A.12: Areal precipitation according to Thiessen method during month October  
Precipitation Station Area (km2) Percentage w  Rainfall P(mm) w*P 
Drakotripa 37.23 0.283967786 146.8 41.68083 
Elath 28.72 0.219054011 204.9 44.88925 
Mouzaki 2.40 0.018329788 125.9 2.308277 
Pertouli 0.01 9.91598E-05 157.9 0.015661 
Stournareika 62.73 0.478528096 203.9 97.57849 
Total 131.09 1.00  186.4725 
 
 
 
Table A.13: Estimation of weighted altitude of precipitation stations at basin of Pili 
Precipitation Station Percentage (%) w Altitude H (m) w*H 
Drakotripa 0.283967786 680 193.0981 
Elath 0.219054011 900 197.1486 
Mouzaki 0.018329788 226 4.142532 
Pertouli 9.91598E-05 1160 0.115025 
Stournareika 0.478528096 860 411.5342 
Total 1  806.0384 
 
Appendix B. Active Storage 
 
Table B.1: Average runoff during summer months at basin of Pili (1970-2000) 
Hydrological year Average runoff during summer months Qc 
(mm) 
1970-71 81.59 
1971-72 91.73 
1972-73 83.12 
1973-74 106.22 
1974-75 53.27 
  -93- 
1975-76 66.29 
1976-77 57.41 
1977-78 69.57 
1978-79 103.01 
1979-80 115.68 
1980-81 100.19 
1981-82 116.56 
1982-83 69.79 
1983-84 110.04 
1984-85 71.31 
1985-86 86.63 
1986-87 90.39 
1987-88 64.89 
1988-89 61.87 
1989-90 41.89 
1990-91 96.17 
1991-92 45.44 
1992-93 69.42 
1993-94 62.02 
1994-95 76.16 
1995-96 90.01 
1996-97 78.32 
1997-98 79.07 
1998-99 91.56 
1999-00 72.37 
Mean 18.18 
 
TableB.2: Maximum range Rt,s  for the 1stscenario (October1970–September2000) 
Hydrological 
year 
Annual Runoff 
(mm) 
Annual water vol-
ume (106m³) 
Cumulative in-
flow (106m³) 
Cumulative outflow 
Dt (106m³) 
Maximum difference 
Rt,s (106m³) 
1970-71 979.09 128.35 128.35 9.45 118.90 
1971-72 1100.75 144.29 272.64 18.89 253.75 
1972-73 997.46 130.75 403.39 28.34 375.06 
1973-74 1274.63 167.09 570.48 37.78 532.70 
1974-75 639.19 83.79 654.27 47.23 607.04 
1975-76 795.53 104.28 758.56 56.68 701.88 
1976-77 688.93 90.31 848.87 66.12 782.74 
1977-78 834.85 109.44 958.3 75.57 882.74 
1978-79 1236.08 162.03 1120.34 85.01 1035.32 
1979-80 1388.11 181.96 1302.3 94.46 1207.84 
1980-81 1202.27 157.6 1459.9 103.91 1356.00 
1981-82 1398.75 183.36 1643.26 113.35 1529.91 
-94- 
1982-83 837.46 109.78 1753.04 122.80 1630.24 
1983-84 1320.48 173.1 1926.14 132.24 1793.90 
1984-85 855.73 112.18 2038.31 141.69 1896.63 
1985-86 1039.52 136.27 2174.58 151.13 2023.45 
1986-87 1084.63 142.18 2316.76 160.58 2156.18 
1987-88 778.65 102.07 2418.83 170.03 2248.81 
1988-89 742.42 97.32 2516.16 179.47 2336.68 
1989-90 502.68 65.89 2582.05 188.92 2393.13 
1990-91 1154.06 151.28 2733.33 198.36 2534.97 
1991-92 545.24 71.47 2804.81 207.81 2597.00 
1992-93 833.02 109.2 2914 217.26 2696.75 
1993-94 744.18 97.55 3011.56 226.70 2784.86 
1994-95 913.87 119.8 3131.35 236.15 2895.21 
1995-96 1080.09 141.59 3272.94 245.59 3027.35 
1996-97 939.79 123.19 3396.14 255.04 3141.10 
1997-98 948.82 124.38 3520.51 264.49 3256.03 
1998-99 1098.68 144.02 3664.54 273.93 3390.61 
1999-00 868.4 113.84 3778.37 283.38 3495.00 
 
 
Table B.3: Maximum range Rt,s  for the 2nd scenario (October1970–September2000) 
Hydrological 
year 
Annual Runoff 
(mm) 
Annual water vol-
ume (106m³) 
Cumulative in-
flow (106m³) 
Cumulative outflow 
Dt (106m³) 
Maximum difference 
Rt,s (106m³) 
1970-71 979.09 128.35 128.35 11.55 116.80 
1971-72 1100.75 144.29 272.64 23.09 249.55 
1972-73 997.46 130.75 403.39 34.64 368.76 
1973-74 1274.63 167.09 570.48 46.18 524.30 
1974-75 639.19 83.79 654.27 57.73 596.55 
1975-76 795.53 104.28 758.56 69.27 689.29 
1976-77 688.93 90.31 848.87 80.82 768.05 
1977-78 834.85 109.44 958.3 92.36 865.94 
1978-79 1236.08 162.03 1120.34 103.91 1016.43 
1979-80 1388.11 181.96 1302.3 115.45 1186.85 
1980-81 1202.27 157.6 1459.9 127.00 1332.91 
1981-82 1398.75 183.36 1643.26 138.54 1504.72 
1982-83 837.46 109.78 1753.04 150.09 1602.96 
1983-84 1320.48 173.1 1926.14 161.63 1764.51 
1984-85 855.73 112.18 2038.31 173.18 1865.14 
1985-86 1039.52 136.27 2174.58 184.72 1989.86 
1986-87 1084.63 142.18 2316.76 196.27 2120.50 
1987-88 778.65 102.07 2418.83 207.81 2211.02 
  -95- 
1988-89 742.42 97.32 2516.16 219.36 2296.80 
1989-90 502.68 65.89 2582.05 230.90 2351.15 
1990-91 1154.06 151.28 2733.33 242.45 2490.89 
1991-92 545.24 71.47 2804.81 253.99 2550.82 
1992-93 833.02 109.2 2914 265.54 2648.47 
1993-94 744.18 97.55 3011.56 277.08 2734.48 
1994-95 913.87 119.8 3131.35 288.63 2842.73 
1995-96 1080.09 141.59 3272.94 300.17 2972.77 
1996-97 939.79 123.19 3396.14 311.72 3084.42 
1997-98 948.82 124.38 3520.51 323.26 3197.25 
1998-99 1098.68 144.02 3664.54 334.81 3329.73 
1999-00 868.4 113.84 3778.37 346.35 3432.02 
 
Table B.4: Maximum range Rt,s  for the 3rd scenario (October1970–September2000) 
Hydrological 
year 
Annual Runoff 
(mm) 
Annual water vol-
ume (106m³) 
Cumulative in-
flow (106m³) 
Cumulative outflow 
Dt (106m³) 
Maximum difference 
Rt,s (106m³) 
1970-71 979.09 128.35 128.35 2.38 125.96 
1971-72 1100.75 144.29 272.64 4.77 267.87 
1972-73 997.46 130.75 403.39 7.15 396.24 
1973-74 1274.63 167.09 570.48 9.53 560.95 
1974-75 639.19 83.79 654.27 11.92 642.36 
1975-76 795.53 104.28 758.56 14.30 744.26 
1976-77 688.93 90.31 848.87 16.68 832.18 
1977-78 834.85 109.44 958.3 19.07 939.24 
1978-79 1236.08 162.03 1120.34 21.45 1098.89 
1979-80 1388.11 181.96 1302.3 23.83 1278.47 
1980-81 1202.27 157.6 1459.9 26.22 1433.69 
1981-82 1398.75 183.36 1643.26 28.60 1614.66 
1982-83 837.46 109.78 1753.04 30.98 1722.06 
1983-84 1320.48 173.1 1926.14 33.37 1892.77 
1984-85 855.73 112.18 2038.31 35.75 2002.56 
1985-86 1039.52 136.27 2174.58 38.13 2136.45 
1986-87 1084.63 142.18 2316.76 40.52 2276.25 
1987-88 778.65 102.07 2418.83 42.90 2375.93 
1988-89 742.42 97.32 2516.16 45.28 2470.87 
1989-90 502.68 65.89 2582.05 47.67 2534.38 
1990-91 1154.06 151.28 2733.33 50.05 2683.28 
1991-92 545.24 71.47 2804.81 52.43 2752.37 
1992-93 833.02 109.2 2914 54.82 2859.19 
1993-94 744.18 97.55 3011.56 57.20 2954.36 
1994-95 913.87 119.8 3131.35 59.58 3071.77 
-96- 
1995-96 1080.09 141.59 3272.94 61.97 3210.97 
1996-97 939.79 123.19 3396.14 64.35 3331.78 
1997-98 948.82 124.38 3520.51 66.73 3453.78 
1998-99 1098.68 144.02 3664.54 69.12 3595.42 
1999-00 868.4 113.84 3778.37 71.50 3706.87 
 
Table B.5: Annual volume of runoff (106 m3) at basin of Pili (October1970–September2000). 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AYG SEP YEAR 
1970-71 1.66 2.12 13.50 24.79 28.61 31.80 15.44 3.64 2.09 1.73 1.50 1.47 128.35 
1971-72 1.66 10.41 17.87 25.28 22.50 18.40 27.32 12.75 2.24 2.09 2.02 1.77 144.29 
1972-73 12.00 12.64 9.62 17.42 24.23 28.72 14.63 3.80 2.23 1.93 1.78 1.75 130.75 
1973-74 6.78 14.47 26.03 19.39 26.30 22.45 27.37 15.60 3.73 1.95 1.52 1.49 167.09 
1974-75 5.27 17.46 10.83 3.24 17.60 12.92 4.70 2.99 2.48 2.25 2.08 1.97 83.79 
1975-76 2.05 11.92 17.52 12.64 21.06 15.53 10.32 5.33 2.35 2.11 1.85 1.60 104.28 
1976-77 1.86 10.81 31.23 20.90 7.86 3.77 4.22 3.28 2.05 1.68 1.35 1.32 90.31 
1977-78 1.45 1.82 10.27 22.13 22.79 17.28 18.18 8.40 2.23 1.82 1.44 1.63 109.44 
1978-79 2.18 6.91 20.67 28.83 31.65 18.75 20.56 19.78 7.30 2.07 1.81 1.52 162.03 
1979-80 6.65 24.06 37.33 29.98 18.98 28.60 18.24 8.92 4.49 1.94 1.52 1.26 181.96 
1980-81 3.48 14.38 31.21 36.53 28.47 13.63 11.72 9.18 3.81 1.90 1.65 1.65 157.60 
1981-82 1.94 7.78 32.44 21.13 18.21 34.33 31.01 22.55 8.64 2.04 1.70 1.60 183.36 
1982-83 1.95 19.24 31.98 16.89 13.29 11.04 4.54 2.41 2.33 2.31 2.06 1.75 109.78 
1983-84 1.82 8.97 33.26 28.97 30.21 25.12 25.64 11.52 2.31 1.93 1.71 1.62 173.10 
1984-85 1.52 1.97 13.87 22.67 16.66 16.53 22.48 10.03 2.15 1.76 1.40 1.12 112.18 
1985-86 1.42 14.79 20.98 21.19 31.50 22.26 6.68 4.80 5.60 3.34 1.99 1.71 136.27 
1986-87 1.88 6.91 13.57 27.04 25.94 25.24 20.43 11.62 4.52 2.00 1.65 1.38 142.18 
1987-88 1.78 16.26 20.70 17.55 15.60 11.74 8.14 4.00 2.11 1.72 1.34 1.13 102.07 
1988-89 1.33 8.31 21.04 14.07 14.14 16.58 8.19 4.67 3.27 2.21 1.92 1.58 97.32 
1989-90 1.75 5.50 14.96 10.72 7.72 4.56 4.00 7.29 4.40 1.86 1.63 1.50 65.89 
1990-91 1.52 4.33 34.94 26.37 18.30 15.80 23.14 16.44 4.99 1.98 1.80 1.66 151.28 
1991-92 1.66 2.16 5.04 6.13 5.84 8.04 18.72 13.84 4.57 2.21 1.81 1.45 71.47 
1992-93 1.67 2.76 17.37 18.05 19.32 16.96 11.37 11.42 5.70 1.91 1.48 1.20 109.20 
1993-94 1.20 1.73 11.43 21.51 28.97 13.31 7.52 4.89 2.23 1.87 1.57 1.31 97.55 
1994-95 7.89 17.36 24.24 21.34 12.92 13.00 9.75 5.01 2.76 1.98 1.79 1.76 119.80 
1995-96 1.86 2.35 30.71 28.59 24.47 26.43 15.19 4.83 2.15 1.78 1.58 1.63 141.59 
1996-97 6.47 16.12 25.14 23.16 16.08 9.15 12.89 7.17 2.24 1.83 1.49 1.44 123.19 
1997-98 2.00 14.75 29.08 20.17 21.18 14.70 4.81 7.73 5.09 1.96 1.56 1.33 124.38 
1998-99 1.37 18.75 33.65 24.33 15.99 23.76 14.69 4.19 2.19 1.81 1.63 1.67 144.02 
1999-00 2.04 18.40 28.70 17.99 20.91 12.60 3.63 2.47 2.24 1.86 1.52 1.46 113.84 
Average 2.94 10.51 22.31 20.97 20.24 17.77 14.18 8.35 3.48 1.99 1.67 1.52 125.95 
Stand. Dev. 2.55 6.49 9.06 7.06 7.02 7.71 8.00 5.29 1.72 0.30 0.21 0.20 31.12 
  -97- 
 
Appendix C. Climatic data. 
Table C.1: Potential evapotranspiration (October 2001 – September 2030) at basin of Pili. 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
2001 41.09 11.46 15.57 6.82 4.85 19.03 40.97 84.75 68.19 120.23 134.64 79.85 627.45 
2002 50.63 31.36 1.55 8.88 9.98 21.95 34.65 73.60 111.06 137.86 122.60 79.01 683.14 
2003 41.16 15.99 9.06 2.70 8.92 18.96 14.77 68.03 97.94 149.95 127.01 77.93 632.42 
2004 54.87 18.98 8.70 3.49 4.75 21.35 44.73 84.34 92.97 133.26 123.19 85.67 676.31 
2005 40.25 27.56 9.19 2.76 9.29 25.07 27.79 55.12 119.29 117.80 151.82 79.93 665.88 
2006 56.12 14.65 9.04 8.93 12.66 18.87 36.73 67.65 105.26 132.52 108.49 78.55 649.48 
2007 46.56 20.57 7.65 9.07 11.52 29.75 26.43 41.84 87.22 136.65 111.74 83.19 612.20 
2008 57.31 39.41 13.24 0.00 4.89 24.78 51.31 71.98 87.55 108.09 136.82 84.43 679.81 
2009 48.68 33.77 5.22 12.07 10.82 26.77 53.60 80.67 116.49 146.27 135.42 79.20 748.99 
2010 46.48 32.26 8.41 8.81 11.92 21.51 38.66 62.48 93.81 137.51 137.61 78.73 678.20 
2011 45.06 21.98 8.81 3.99 10.57 0.87 28.43 77.80 108.13 138.07 114.94 78.87 637.53 
2012 49.02 23.10 9.93 9.10 9.56 22.07 53.70 85.38 106.96 142.53 127.62 107.19 746.16 
2013 45.06 39.61 7.84 8.89 13.13 24.45 30.57 95.77 116.82 109.47 111.64 79.72 682.97 
2014 50.57 40.69 8.86 8.70 9.43 17.05 39.00 43.33 92.57 106.30 111.52 78.61 606.62 
2015 50.55 20.16 8.89 2.59 4.79 18.44 36.51 64.93 80.45 105.32 109.38 75.02 577.04 
2016 47.03 12.64 14.23 11.55 11.04 25.62 45.70 65.13 96.38 116.73 126.16 85.81 658.02 
2017 46.06 27.87 8.89 3.29 11.18 26.90 54.64 95.28 100.28 129.56 117.53 78.75 700.24 
2018 41.51 18.22 9.06 3.47 9.48 21.71 35.88 78.95 81.24 143.83 138.27 85.87 667.49 
2019 47.63 18.30 8.69 2.95 9.17 19.19 39.02 95.42 93.02 137.86 147.97 95.77 714.97 
2020 44.73 9.90 8.69 8.59 5.81 8.59 38.87 82.65 75.43 141.85 148.84 86.57 660.52 
2021 46.51 44.31 7.38 3.62 10.58 0.00 40.05 95.96 100.41 138.94 127.85 86.08 701.67 
2022 52.80 14.39 3.32 6.62 10.82 13.81 31.05 102.14 117.60 132.81 134.92 85.67 705.96 
2023 46.48 19.84 8.79 9.13 7.27 22.27 52.58 38.90 94.40 117.63 148.14 85.97 651.42 
2024 45.73 27.41 8.83 6.60 10.03 24.37 29.36 92.44 108.03 135.15 124.20 85.72 697.87 
2025 51.42 25.11 9.54 7.19 11.65 19.13 53.81 91.09 129.36 139.78 142.42 78.97 759.46 
2026 35.52 19.99 10.48 11.88 9.86 26.18 41.63 80.91 110.51 137.05 117.60 78.56 680.16 
2027 51.46 26.31 8.69 3.52 10.23 30.03 26.53 73.68 143.95 148.97 105.55 81.19 710.13 
2028 54.37 31.68 9.91 9.10 10.76 26.88 53.82 98.02 112.86 116.45 124.49 87.48 735.81 
2029 61.78 19.72 8.96 7.03 11.94 31.36 39.52 94.93 99.69 118.22 144.80 85.82 723.78 
2030 56.35 20.87 10.01 3.13 11.32 21.86 38.85 79.74 131.75 117.51 147.14 102.34 740.87 
Mean 48.4 24.3 8.9 6.5 9.6 21.0 39.3 77.4 102.7 129.8 128.7 83.9 680.4 
-98- 
St. deviation 5.8 9.1 2.6 3.3 2.4 7.4 10.1 17.1 17.0 13.4 13.9 7.1 45.0 
 
Table C.2: Potential evapotranspiration (October 2031 – September 2060) at basin of Pili. 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
2031 47.60 27.52 8.69 10.46 9.69 27.12 29.37 90.96 107.15 151.00 181.24 107.61 798.40 
2032 47.84 20.93 11.47 8.76 11.24 24.75 25.76 90.77 104.18 131.69 151.06 108.59 737.02 
2033 60.75 39.05 9.36 9.98 10.95 12.11 38.69 94.98 109.22 141.54 146.31 85.27 758.21 
2034 46.20 16.24 8.82 11.14 10.74 28.88 39.89 83.44 136.48 136.59 134.65 91.09 744.16 
2035 57.43 16.58 8.38 3.25 12.08 28.37 53.76 74.55 133.75 141.83 140.73 91.71 762.42 
2036 50.27 29.44 13.59 7.11 10.67 22.42 39.90 77.86 129.39 142.38 137.33 93.30 753.65 
2037 52.25 40.80 11.43 8.39 12.35 28.29 36.97 95.33 136.91 151.02 151.10 102.23 827.06 
2038 51.14 19.63 9.79 8.88 13.20 19.03 38.64 69.41 106.00 141.93 129.16 80.37 687.18 
2039 58.29 38.90 8.50 11.17 7.67 18.97 52.56 81.44 128.11 145.44 148.60 118.82 818.48 
2040 45.76 18.23 8.69 8.81 10.75 20.58 47.84 92.60 104.15 142.26 148.23 85.83 733.73 
2041 47.55 23.77 12.84 3.49 10.84 20.12 54.07 95.05 115.61 149.31 133.36 85.71 751.72 
2042 46.01 26.56 12.86 3.21 8.90 24.04 50.11 94.28 115.69 144.64 144.63 79.67 750.61 
2043 57.69 21.28 8.69 10.99 14.30 32.60 27.62 98.57 119.22 144.18 196.39 87.17 818.69 
2044 52.32 27.16 3.84 3.97 11.01 21.47 53.24 89.97 119.93 160.84 128.93 92.07 764.77 
2045 54.95 12.70 8.69 13.18 10.28 16.29 50.88 81.07 108.37 144.24 143.79 85.83 730.28 
2046 53.36 32.72 13.33 14.24 10.90 31.31 52.93 91.09 129.19 138.62 153.81 74.77 796.26 
2047 55.63 48.62 9.20 10.77 10.59 27.23 52.68 96.27 126.59 148.45 158.46 79.72 824.21 
2048 68.95 49.00 8.93 8.63 10.60 32.77 52.08 101.66 124.83 141.64 148.47 110.09 857.63 
2049 52.88 21.90 20.38 12.24 12.18 38.31 52.13 98.98 124.83 133.31 130.92 101.68 799.73 
2050 61.01 61.95 17.15 12.38 13.20 26.13 49.44 79.73 92.55 140.32 136.97 87.54 778.35 
2051 46.09 25.31 14.44 4.15 11.77 32.22 53.29 96.96 100.86 137.43 121.57 85.74 729.83 
2052 47.59 12.32 10.77 9.98 10.85 21.88 54.14 95.85 137.41 140.40 147.01 84.73 772.92 
2053 56.20 58.47 20.37 15.75 11.20 22.38 54.13 97.77 135.89 147.26 135.74 94.77 849.94 
2054 47.64 27.41 8.70 12.06 17.11 34.79 36.96 99.42 123.74 151.68 154.46 105.44 819.41 
2055 50.51 30.04 9.97 13.16 12.15 41.89 53.85 99.96 124.45 152.31 171.14 99.04 858.47 
2056 63.95 51.28 10.62 7.16 10.70 35.29 54.01 76.58 123.54 146.75 135.22 91.86 806.98 
2057 59.17 29.13 11.77 11.72 10.64 22.37 50.56 83.82 104.67 153.01 139.59 97.37 773.81 
2058 56.91 33.15 8.04 8.71 13.83 41.94 37.88 94.38 101.37 142.46 139.13 106.71 784.51 
2059 47.59 38.81 17.42 3.44 10.41 22.70 53.19 100.56 122.44 146.29 123.39 99.88 786.13 
2060 57.87 41.09 17.58 9.69 10.69 21.88 50.27 98.99 129.22 150.45 160.84 91.42 840.00 
Mean  53.4 31.3 11.5 9.2 11.4 26.6 46.6 90.7 119.2 144.6 145.7 93.5 783.8 
  -99- 
St. deviation 6.0 13.1 3.9 3.5 1.7 7.3 8.9 8.9 12.6 6.3 16.3 10.6 42.8 
 
Table C.3: Potential evapotranspiration (October 2061 – September 2100) at basin of Pili. 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
2061 56.22 34.00 24.49 3.33 12.34 27.88 52.41 83.02 121.84 141.01 155.16 93.15 804.84 
2062 60.13 26.53 21.21 2.17 13.19 25.43 54.15 103.43 142.98 147.59 145.84 87.20 829.85 
2063 60.11 27.13 17.63 13.40 10.15 33.42 51.05 101.99 133.46 142.27 162.40 113.20 866.22 
2064 54.54 44.79 20.37 8.65 14.00 35.74 54.12 100.86 145.03 157.56 161.08 100.57 897.33 
2065 59.79 24.03 11.22 13.76 13.80 24.83 50.20 96.53 107.50 143.81 149.61 100.52 795.60 
2066 53.58 52.76 9.80 9.88 14.34 65.17 54.79 108.16 167.23 160.32 155.84 85.78 937.64 
2067 54.20 44.80 12.21 13.08 10.59 28.99 53.94 81.17 129.52 146.48 157.10 105.68 837.74 
2068 55.01 47.51 9.75 8.21 11.07 36.05 49.29 99.49 128.80 175.86 156.66 120.00 897.70 
2069 53.80 44.44 9.65 15.36 13.29 21.51 29.49 96.27 149.60 155.12 146.60 95.15 830.28 
2070 46.11 9.85 21.39 12.97 9.94 23.33 54.77 110.75 141.14 162.54 156.17 100.11 849.07 
2071 52.80 17.44 13.64 8.90 9.94 34.82 47.68 98.18 119.52 155.82 153.83 97.10 809.68 
2072 56.88 16.46 20.07 15.30 13.70 39.12 38.84 104.21 139.14 151.49 165.94 97.51 858.65 
2073 47.88 54.64 8.47 2.80 9.79 27.89 53.34 100.80 124.70 142.97 162.76 112.78 848.81 
2074 59.94 57.61 11.41 3.41 10.13 14.80 54.07 94.93 135.60 150.58 151.37 111.19 855.05 
2075 48.80 35.13 15.67 11.97 10.83 32.00 43.89 99.40 126.57 138.86 143.62 131.06 837.83 
2076 60.74 48.84 10.93 14.01 12.34 25.57 54.08 98.80 124.85 156.64 162.37 85.43 854.60 
2077 52.69 60.85 8.86 3.67 13.96 38.64 51.19 98.77 139.18 172.76 166.48 96.45 903.48 
2078 69.26 56.55 26.10 10.89 14.12 57.38 52.50 98.58 137.81 153.04 157.31 103.07 936.63 
2079 63.99 28.46 25.17 13.15 14.81 24.73 54.14 105.58 108.04 152.81 164.24 107.36 862.48 
2080 63.20 63.14 8.92 12.38 15.11 46.93 54.77 114.21 158.46 160.78 162.57 123.00 983.46 
2081 60.51 47.53 9.91 13.21 9.58 61.01 54.16 101.41 163.22 162.20 175.30 114.28 972.33 
2082 63.30 43.17 23.83 13.30 10.83 23.10 55.18 104.09 130.60 163.11 168.82 85.70 885.04 
2083 54.68 46.87 14.06 14.40 12.58 27.37 54.09 99.84 138.82 153.37 164.56 95.43 876.07 
2084 55.47 54.53 20.01 11.36 11.89 21.42 51.10 105.97 131.36 162.71 184.80 92.25 902.87 
2085 52.81 33.14 10.14 13.44 12.55 24.29 51.35 97.90 124.31 166.22 175.22 98.17 859.54 
2086 61.17 40.38 27.11 8.92 15.22 32.81 53.73 98.92 161.85 177.64 147.28 121.03 946.07 
2087 56.99 27.16 8.65 12.36 14.69 35.67 53.19 99.57 136.69 160.24 165.11 136.15 906.47 
2088 58.96 58.49 28.47 13.31 12.79 32.01 53.06 98.33 155.15 162.71 186.72 121.41 981.41 
2089 60.24 36.41 13.94 14.98 13.92 44.56 54.10 98.13 154.51 173.83 201.94 98.92 965.47 
2090 65.75 52.44 34.54 14.34 14.17 44.76 54.05 99.54 147.48 156.05 204.82 127.73 1015.66 
2091 63.07 49.70 20.74 11.43 11.58 42.79 54.68 109.23 168.88 168.10 159.17 107.74 967.11 
-100- 
2092 58.97 50.60 12.73 14.86 14.23 29.11 54.02 85.89 124.18 161.56 146.89 106.46 859.50 
2093 53.31 34.30 19.51 15.45 15.18 38.31 52.85 104.38 108.20 151.07 167.24 99.44 859.24 
2094 62.43 66.15 24.78 12.97 9.74 35.66 51.57 102.06 143.17 165.70 173.53 102.65 950.43 
2095 70.75 45.76 16.36 13.49 13.17 28.24 54.42 110.65 150.84 172.73 163.36 96.55 936.32 
2096 67.89 49.13 15.39 4.25 14.00 30.69 54.15 107.63 138.76 151.74 171.07 112.25 916.95 
2097 58.95 46.75 13.28 13.22 11.70 40.41 55.02 101.34 163.00 168.57 174.78 100.03 947.04 
2098 55.95 47.12 26.46 11.81 12.38 26.64 46.64 98.69 143.47 161.13 152.01 85.81 868.11 
2099 59.69 40.04 26.32 15.84 8.96 19.67 54.14 98.43 158.77 189.64 190.82 139.88 1002.20 
2100 62.04 52.02 14.07 13.43 14.53 51.05 54.10 105.79 146.53 159.15 173.92 97.12 943.75 
Mean  58.3 42.9 17.2 11.3 12.5 33.8 51.9 100.6 139.3 158.9 164.6 105.1 896.5 
St. deviation 5.5 13.3 6.9 3.9 1.9 11.2 4.9 6.7 16.1 11.0 14.4 14.0 57.8 
 
Table C.4: Simulated monthly runoff (mm) at basin of Pili (October 2003 – September 2030). 
Hydrological 
year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP Year 
2003 60.89 99.46 155.95 103.50 64.74 54.24 49.21 127.29 69.47 15.13 12.01 10.03 821.92 
2004 12.25 46.01 237.06 193.09 116.93 147.72 124.73 56.80 23.62 17.75 16.30 14.72 1006.99 
2005 15.44 106.52 323.57 178.63 97.54 176.17 108.85 94.49 50.10 15.02 13.27 11.49 1191.08 
2006 13.02 177.34 214.98 129.13 53.02 67.34 68.65 32.75 17.13 13.84 13.50 13.97 814.66 
2007 15.76 123.74 225.97 208.29 528.80 313.80 271.32 194.71 49.73 16.40 13.19 11.30 1973.02 
2008 10.91 14.57 122.53 139.28 192.30 133.11 90.31 91.91 43.33 17.79 15.44 12.66 884.13 
2009 37.19 180.60 201.48 88.15 51.73 61.79 34.41 18.50 17.03 13.75 10.66 9.40 724.68 
2010 11.98 16.80 301.01 251.70 79.30 40.13 25.76 20.51 18.70 14.65 11.64 10.66 802.83 
2011 12.57 28.11 134.33 167.73 172.26 143.13 234.02 136.74 30.75 15.92 14.30 13.72 1103.58 
2012 116.52 210.52 198.83 74.92 59.41 43.00 20.46 18.60 16.55 13.34 10.51 8.17 790.83 
2013 9.70 21.20 256.21 191.02 150.89 74.98 108.22 65.41 16.35 15.40 14.74 12.09 936.21 
2014 59.79 231.77 301.79 330.06 270.09 148.83 88.63 207.04 106.05 15.99 13.82 12.05 1785.90 
2015 15.31 112.02 218.97 168.90 161.60 128.23 72.66 77.73 42.87 18.88 26.51 23.07 1066.75 
2016 86.77 140.30 304.67 233.34 69.42 167.40 131.29 42.76 20.81 15.58 12.87 10.99 1236.22 
2017 10.94 128.52 158.13 109.62 83.98 89.25 45.09 18.46 16.84 14.76 13.73 13.14 702.45 
2018 55.22 187.04 212.48 80.33 126.96 199.87 84.20 17.73 16.79 14.91 11.91 10.16 1017.59 
2019 10.59 14.03 100.89 101.48 155.58 86.30 34.08 45.72 38.32 21.84 14.29 12.27 635.38 
2020 13.29 117.82 191.77 129.48 237.53 251.02 120.55 75.20 46.29 20.84 13.45 10.59 1227.82 
2021 13.35 18.26 183.03 192.39 151.23 64.58 104.90 63.93 16.92 13.72 11.38 10.49 844.18 
2022 107.13 259.11 284.78 171.09 165.57 203.43 141.84 48.28 16.10 14.35 13.58 11.90 1437.16 
2023 14.52 138.47 185.33 85.69 133.94 213.20 204.20 180.10 71.43 15.20 12.47 10.88 1265.42 
  -101- 
2024 11.53 43.36 191.71 134.85 94.91 190.25 118.48 31.36 15.17 12.96 11.28 10.23 866.09 
2025 10.83 13.44 119.47 132.95 209.44 197.22 69.09 25.39 21.55 15.92 13.19 12.41 840.91 
2026 25.14 131.06 134.43 158.68 320.01 286.88 108.30 30.63 19.63 14.89 12.01 10.60 1252.25 
2027 11.40 29.47 123.23 110.66 99.43 49.63 41.03 66.22 36.10 14.39 13.76 14.96 610.29 
2028 134.35 271.11 266.77 131.62 238.78 130.67 85.47 51.25 15.22 13.08 11.45 9.61 1359.40 
2029 10.72 81.64 233.96 154.88 54.81 55.39 236.62 124.04 14.74 12.77 10.69 8.08 998.33 
2030 10.26 91.28 222.43 136.82 35.73 99.73 169.71 74.42 14.52 11.97 9.81 7.71 884.40 
Mean 32.76 108.34 207.35 153.15 149.14 136.33 106.86 72.78 31.50 15.40 13.28 11.69 1038.59 
 
Table C.5: Simulated monthly runoff (mm) at basin of Pili (October 2031 – September 2060). 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
2031 13.04 167.13 256.53 186.80 212.25 124.65 72.80 82.59 40.55 14.95 11.39 8.84 1191.52 
2032 11.52 16.49 110.07 87.81 185.88 100.81 52.28 36.48 17.21 14.22 10.90 8.29 1843.49 
2033 6.71 9.21 59.59 70.26 106.12 186.30 87.22 18.48 16.28 13.84 11.85 11.99 1249.85 
2034 15.55 117.27 77.35 50.92 71.32 102.33 77.48 42.98 22.93 15.09 13.84 11.48 1216.40 
2035 12.02 15.19 133.60 160.74 103.69 92.42 45.69 56.55 37.96 15.14 13.71 13.33 1318.57 
2036 15.21 49.16 194.45 188.90 195.03 176.94 66.73 19.19 16.60 13.21 10.59 9.05 1655.12 
2037 10.86 15.37 112.85 179.75 122.44 41.95 19.64 24.99 19.94 13.47 10.33 8.48 1535.14 
2038 12.12 35.52 155.30 170.44 80.33 68.97 40.88 33.76 25.77 15.10 12.47 11.41 1242.11 
2039 14.67 212.33 276.11 224.24 187.40 204.31 159.39 56.35 16.85 13.97 10.99 8.23 2046.89 
2040 11.38 358.84 442.86 222.31 88.60 103.51 59.04 55.74 35.94 14.42 11.05 9.06 2797.57 
2041 9.73 11.77 95.64 122.43 147.48 108.68 39.43 18.29 17.20 14.49 12.39 11.46 2021.73 
2042 12.80 16.24 147.16 167.88 292.29 209.19 91.79 66.00 32.26 14.32 11.89 10.59 1681.40 
2043 12.45 204.21 268.86 162.12 209.21 119.06 113.85 63.05 15.51 12.45 9.41 7.54 2270.13 
2044 10.06 88.31 98.27 175.13 144.25 159.42 118.11 40.17 17.03 13.54 11.52 10.53 2084.06 
2045 69.40 112.66 53.03 71.88 78.86 102.02 53.98 18.98 17.69 14.72 13.40 14.08 1507.03 
2046 57.92 260.14 265.07 117.31 69.91 107.32 101.88 42.90 16.62 14.42 12.37 11.85 1698.41 
2047 14.27 100.52 95.25 137.11 155.38 158.36 74.26 21.41 16.41 12.83 9.91 8.36 1881.77 
2048 8.40 16.42 129.07 102.11 117.95 63.37 29.59 24.44 16.43 13.72 11.89 9.92 1347.36 
2049 10.27 14.12 145.61 155.90 99.21 48.82 27.44 20.24 14.79 12.49 10.60 8.53 1111.32 
2050 7.08 7.56 11.81 99.69 153.22 112.61 156.82 81.32 19.44 15.42 12.66 10.68 1256.32 
2051 11.57 135.44 172.47 124.18 49.19 47.08 40.12 22.07 17.58 15.67 14.34 13.52 1351.53 
2052 26.73 111.83 198.08 131.25 94.91 70.65 32.08 21.13 18.13 13.59 10.94 10.40 1402.94 
2053 14.11 17.70 27.79 133.21 143.53 102.23 44.09 16.98 13.84 11.60 9.92 8.48 1283.20 
2054 8.37 34.96 176.05 155.55 60.83 113.10 116.02 45.25 17.29 15.12 13.33 11.69 1311.05 
-102- 
2055 11.37 15.50 113.62 92.74 37.88 21.29 16.58 15.47 13.24 10.40 7.90 6.25 1129.81 
2056 5.63 7.62 37.92 84.69 105.75 49.02 17.95 39.84 28.56 14.75 12.47 10.29 776.73 
2057 10.67 80.00 139.96 107.69 91.87 241.99 257.03 112.57 36.61 20.25 14.09 11.38 1538.59 
2058 10.92 14.72 85.53 119.34 53.46 19.25 102.22 71.87 22.57 14.53 11.13 8.63 1658.27 
2059 9.62 38.47 202.21 223.02 129.81 160.32 89.73 23.69 15.95 13.03 11.74 11.39 1463.16 
2060 11.76 16.01 205.12 285.69 243.03 194.96 77.76 20.63 17.30 14.42 11.27 9.52 2036.46 
Mean 15.21 76.69 149.57 143.70 127.70 113.70 76.06 40.45 21.15 14.17 11.68 10.17 1563.60 
 
Table C.6: Simulated monthly runoff (mm) at basin of Pili (October 2060 – September 2100). 
Hydrological 
Year 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP YEAR 
2061 9.36 12.66 27.35 39.54 100.09 77.33 43.14 32.80 21.14 14.75 13.30 12.93 404.40 
2062 32.29 158.38 118.90 213.81 220.80 92.90 59.93 34.53 14.46 11.03 8.58 8.99 1379.01 
2063 12.85 17.09 151.55 240.49 116.12 27.42 54.58 36.53 14.34 11.74 9.07 6.79 1673.20 
2064 9.90 16.69 96.41 113.63 85.34 38.40 16.92 14.53 11.83 9.34 7.46 6.39 1125.41 
2065 7.89 33.15 105.43 167.17 75.51 38.08 29.41 19.16 26.38 41.37 27.51 15.05 1012.93 
2066 15.91 34.09 171.57 178.52 97.08 35.61 15.25 13.59 11.28 8.59 7.63 7.36 1182.60 
2067 7.26 11.82 246.28 224.77 203.59 158.23 57.97 20.92 16.90 15.30 14.26 13.28 1587.07 
2068 62.64 189.49 172.22 123.20 274.24 234.98 248.63 111.57 16.06 12.76 9.56 7.33 2453.27 
2069 9.30 13.19 125.70 93.33 181.65 157.94 63.62 31.35 20.14 14.56 12.80 11.05 2197.30 
2070 12.68 51.69 252.73 195.82 52.21 49.54 35.10 16.92 13.78 10.79 10.05 10.51 1446.45 
2071 54.03 210.67 193.47 118.34 212.73 105.58 29.82 24.94 17.46 14.07 10.97 8.83 1712.73 
2072 10.00 14.59 114.70 121.39 192.70 110.13 140.38 77.81 15.39 12.55 9.75 7.61 1827.88 
2073 8.72 12.77 16.72 103.58 143.96 99.07 38.76 16.69 13.88 11.42 8.80 7.51 1308.86 
2074 8.64 12.39 88.27 128.13 109.79 113.40 53.81 21.17 18.77 14.97 14.82 14.34 1080.37 
2075 20.40 84.48 101.88 185.84 162.79 96.28 58.96 28.19 16.99 16.02 15.45 15.46 1401.25 
2076 16.64 17.81 138.52 105.42 162.03 118.10 35.08 18.71 16.76 13.47 10.51 9.75 1465.54 
2077 12.66 16.18 139.66 117.91 73.19 37.14 18.25 19.16 18.44 15.49 11.74 10.57 1153.16 
2078 11.63 15.55 93.81 73.29 90.57 52.44 190.73 108.66 15.83 12.92 10.43 8.51 1174.75 
2079 7.80 9.30 13.20 16.08 17.66 112.95 73.37 19.91 15.50 13.69 10.55 8.08 1002.45 
2080 11.57 25.23 224.16 193.87 81.78 33.19 18.40 15.45 11.95 9.02 6.71 5.03 954.43 
2081 4.31 11.39 125.84 127.00 179.84 88.22 16.49 14.50 11.49 8.96 6.66 5.76 1236.81 
2082 5.76 7.12 10.95 15.43 67.97 45.25 17.52 14.99 12.99 10.49 9.18 8.65 826.76 
2083 7.40 8.51 14.76 48.59 112.92 138.26 60.86 18.43 14.93 11.43 8.97 7.88 679.24 
2084 7.28 11.30 42.58 114.44 123.90 90.40 39.54 17.01 13.74 10.88 8.39 8.07 940.47 
2085 11.08 38.86 196.07 192.56 111.86 166.11 109.90 32.44 16.96 14.26 10.76 9.29 1397.67 
  -103- 
2086 9.70 11.83 91.12 122.95 167.38 78.93 18.18 17.07 14.30 10.81 8.83 8.00 1469.24 
2087 12.15 17.91 22.91 40.40 97.61 143.13 100.31 36.42 15.34 12.08 9.42 7.74 1074.53 
2088 23.13 151.60 145.52 52.96 19.96 18.05 18.24 18.62 16.92 13.18 10.02 7.58 1011.22 
2089 40.83 79.70 194.32 126.07 143.74 76.10 72.63 47.27 15.91 12.13 9.25 8.46 1322.21 
2090 10.75 57.46 131.65 72.92 126.38 194.01 82.47 18.15 15.30 12.04 9.06 6.89 1563.51 
2091 6.61 63.85 121.58 134.68 162.97 73.78 17.43 14.90 12.60 9.89 7.80 6.48 1369.65 
2092 21.45 99.59 199.64 121.80 175.59 197.89 174.55 232.20 102.18 14.70 11.97 10.86 1994.98 
2093 14.93 121.59 171.37 110.17 64.99 32.47 131.82 76.73 14.40 12.33 10.19 8.40 2131.81 
2094 10.47 15.41 134.56 183.78 88.53 26.49 22.29 23.16 18.60 13.92 10.85 8.50 1325.95 
2095 7.67 11.16 58.19 113.02 138.72 62.27 19.14 16.90 13.49 10.54 9.82 9.84 1027.33 
2096 10.28 117.97 175.23 266.22 170.16 133.12 64.60 16.15 13.15 10.45 8.47 6.95 1463.52 
2097 9.35 15.82 246.54 197.83 131.25 61.15 16.42 14.81 12.95 9.79 7.24 7.52 1723.43 
2098 11.38 14.97 82.07 98.90 167.46 192.10 229.85 99.90 16.71 13.28 10.44 9.71 1677.45 
2099 49.17 110.82 147.14 106.67 210.25 108.39 17.74 15.53 13.19 10.24 8.08 6.45 1750.45 
2100 6.25 22.77 107.23 92.56 113.37 59.19 16.10 14.30 12.01 9.85 7.75 6.85 1271.92 
Mean 15.55 48.67 125.30 127.33 130.72 94.35 63.20 36.05 17.61 12.88 10.33 8.88 1370.03 
 
